Loyola University Chicago

Loyola eCommons
Master's Theses

Theses and Dissertations

1978

The Effects of Linear Alkyl Benzene Sulfonate on the
Incorporation of Radioactive Uridine Into High Polymer RNA
During the Early Development of the Fathead Minnow
(Pimephales promelas rafinesque)
James P. Hardwick
Loyola University Chicago

Follow this and additional works at: https://ecommons.luc.edu/luc_theses
Part of the Biology Commons

Recommended Citation
Hardwick, James P., "The Effects of Linear Alkyl Benzene Sulfonate on the Incorporation of Radioactive
Uridine Into High Polymer RNA During the Early Development of the Fathead Minnow (Pimephales
promelas rafinesque)" (1978). Master's Theses. 2966.
https://ecommons.luc.edu/luc_theses/2966

This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It
has been accepted for inclusion in Master's Theses by an authorized administrator of Loyola eCommons. For more
information, please contact ecommons@luc.edu.
This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1978 James P. Hardwick

THE EFFECTS OF LINEAR ALKYL BENZENE SULFONATE ON THE
INCORPORATION OF RADIOACTIVE URIDINE INTO HIGH
POLYMER RNA DURING THE EARLY DEVELOPMENT
OF THE FATHEAD MINNOW (PIMEPHALES
PROMELAS RAFINESQUE)

by
James P. Hardwick

A Thesis Submitted to the Faculty of the Graduate School
of Loyola University of Chicago in Partial Fulf·illment
of the Requirements for the Degree of
Master of Science
January
1978

ACKNOWLEDGMENTS
I wish to give my sincere gratitude to Dr. A. Rotermund,
Dr. M. Goldie, and Dr. H. Manner for the help and time given to
me during my research and graduate training.
I also wish to thank Proctor and Gamble for funding this
project.
Finally, I wish to thank my family, and especially my wife
Susan, for their helpful encouragement and constructive comments
in completing this thesis.

ii

··•

VITA
The author, James P. Hardwick, is the son of Dolores Hardwick.
He was born October 10, 1950, in Chicago, Illinois.
His elementary education was obtained in the public schools of
Chicago, and his secondary education at both Prosser Vocational and
Foreman High School.

He graduated from Foreman High School in 1968.

In September of 1968 he entered Illinois College and graduated
with a Bachelor of Science with a major in Biology in May of 1973.
On January 1974 he was admitted to Loyola University and
granted an assistantship in the Biology department.

Hi

TABLE OF CONTENTS

Page
ii

ACKNOWLEDGMENTS
• • • • • •

ii i

TABLE OF CONTENTS

iv

VITA

v

LIST OF TABLES

..

LIST OF FIGURES

vi

CHAPTER
I.

INTRODUCTION • • •

II.

LITERATURE REVIEW

5

Maternal Messages (Informosomes)
Cleavage . . . . . . • . . . .
Nuclear Activation . . . . . . . . . .
Nucleocytoplasmic Interactions
Permeabi 1i ty, Uptake and Pools
Membranes of Fish
Precursor Pools
Detergents . . . . .
Toxicity Studies .
Phenol Technique .
III.

MATERIALS AND METHODS

••

Breeding . . . . . . . .
Staging and Incubation
Nuclei Isolation . . . . .
Phenol Extraction . .
Precursor Pool Studies
IV.

DISCUSSION

5
9
18
29
38
38
43

52
54
60
68
68
69
69
70
72
121

SUMMARY

128

REFERENCES

129

iv

LIST OF TABLES
Page

Table
1.

A comparison of extraction techniques.

66

2.

RNA from Normal and LAS treated eggs
isolated by the Phenol technique . . .

108

Pool Studies of embryos at 5.5 hours
{Blastula stage) incubated for varying
times with 2.5 uci/ml of 3H-Uridine . . .

110

Pool data for blastula stage embryos
incubated with different concentrations
of 3H-Uridine for 30 minutes . . . . .

114

Gastrula stage embryos incubated with
2.5 uci/ml of 3H-Uridine for varying
lengths of time . . . . . . . . . . . .

117

3.

4.

5.

v

LIST OF FIGURES
Page

Figure
l.

RNA isolated according to Hot Phenol, DNase
technique.
Mid-Blastula RNA 5.5 hrs.
a. Normal embryos . .
b. LAS embryos. .
.
Head Formation 18 hrs.
c. Normal embryos
d. LAS embryos . .
13 Somites
e. Normal embryos .
f. LAS embryos. .

78
79

80
81
82
83

2.

Nuclei isolated from early gastrula embryos (12 hours)

84

3.

Representation of where tritiated uridine enters
the precursor pool and how it is processed .

86

The de novo pathway of pyrimidine synthesis
and conversion . . . . • . . . . . . .

88

High polymer RNA isolated from embryos at
different stages of development . . . . . . .

90

6.

RNA isolated from entire embryos. Also the
uptake pattern for the period studied . . . . .

92

7.

Incorporation pattern of Blastula stage (5.5)
embryos incubated with 2.5 uci/ml for varying
lengths of time . . . . . • . . . . . . . . . .

94

3H-Uridine incorporation into UTP and 2'3'UMP
from blastula stage embryos . . . . . . . . . .

96

Incorporation pattern of blastula stage embryos
incubated with varying amounts of 3H-Uridine . .

98

Incorporation of 3H-Uridine into UTP and 2'3' UMP
from blastula stage embryos incubated for 30
minutes with different concentration of label.

100

Incorporation pattern of Gastrula (12 hours)
embryos incubated for varying lengths of time
with 2.5 uci/ml of 3H-Uridine . . . . • • • . •

102

4.
5.

8.

9.
10.

11.

vf

Page

Figure
12.
13.

3H-Uridine in UTP and UMP from Gastrula
stage embryos. . . .· • . . . . . . . . .

104

Comparison of label in nucleic acids of
Blastula stage and Gastrula stage embryos.

106

vii"

CHAPTER I
INTRODUCTION
The expression of hereditary information through the synthesis
of RNA in embryos of different organisms has been extensively studied.
A number of authors (Brown and Littna, 1966; Emerson and Humphreys,
1970; Gehring, 1973; Kafiani et .!}_., 1970) have realized that the
reading of the genetic apparatus at the appropriate time in response
to endogenous or exogenous stimuli is necessary for proper embryonic
development.
The transcription of a specific sequence on a DNA strand initiates gene expression with the resulting formation of Heterogeneous
(HnRNA), Messenger {mRNA), or DNA-like Ribonucleic acid carrying the
codewords for that sequence to the cytoplasm for translation (Edmonds
et.!l_., 1971; Darnell

et~.,

1971).

The transfer of specific RNAs

from the nucleus to the cytoplasm where they can either remain in the
form of untranslatable quiescent ribonucleoprotein particles, lnformosomes (Spirin et .!}_., 1964; Sonnnerville, 1973; Alfagme and Infante,
1975) or be immediately decoded for specific proteins on polyribosomal
complexes.
As the embryo deve 1ops, it acquires the ability to respond to
different environment situations.

It regulates its nuclear genetic

material through signals obtained from the cytoplasm in the form of
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regulatory molecules (Yannarell, Schumm and Weble, 1976).

The produc-

tion of abnormal signals in response to exogenous stimuli can alter
the normal genetic program of the developing embryo (Gurdon, 1968;
Gurdon and Woodland, 1970; Liang and Liao, 1974; and Zahringer, 1976).
The transcription of DNA-like RNA at specific times during
development gives an indication of what is about to occur in the embryo.
From fertilization to late cleavage the embryo of most polikelothermic
vertebrates is maintained by maternal RNA synthesized during the meiotic
growth phase of oogenesis (Timofeeva and Kafiani, 1964; Houghand and
Davidson, 1972).

This RNA is unusual in that its immediate translation

is delayed until after fertilization (Hagenmaier, 1969;

Grosset~.,

1973).
During early cleavage specific maternal mRNA can either be
adenylated (Slater, Slater and Gillespie, 1972) or be translated without Poly-A attached (Gross et

~·,

1973; Kedes and Gross, 1969).

The

beginning of nuclear activity at late cleavage characterizes a time
at which a new set of genetic orders are activated (Dontsova et
1970; Kafiani et

~.,

~.,

1969; Greene and Flickinger, 1970) with the

resulting production of large amounts of DNA-like RNA.

At gastrula

the synthesis of ribosomal RNA, quiescent through the early stages of
deve 1opment, is activated and continues to increase throughout development (Brown and Gurdon, 1966; Mel •nikova et

~.,

1972).

The alteration of this finely controlled genetic mechanism can
lead to drastic changes in RNA synthesis and reduce the embryos
chances of survival (Brown and Gurdon, 1966; Wilde and Crawford, 1966;
Neyfakh and Roth, 1968).

A variety of chemicals have been found to
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alter both quanitatively and qualitatively the synthesis of RNA
(Glazer, 1976; Seale and Simpson, 1975; Bukrinskaya et
Skehel et

~·,

~·,

1966;

1966).

The action of aquatic pollutants has been extensively studied
within the past few years.

The use of phosphate detergents which

initiated intensive eutrophication of lakes has prompted their ban by
the federal government.
duced in their place.

Biodegradeable detergents have been introA component of biodegradeable detergents,

Linear Alkyl Benzene Sulfonate (LAS), has been found to be toxic and
teratogenic to adult

(Pickering and Thatcher, 1970; Swisher et

~ .•

1964) and embryonic teleost (Pickering, 1966; Manner and Dewese,
1974).

The high degree of susceptibility of the pre-gastrula and

pre-organogenesis embt·yo of the Fathead Minnow Pimephales promelas
Rafinesque to LAS

~Manner

and Thompson, 1974) has prompted the sug-

gestion that LAS may alter the genetic mechanism of the embryo during
development.
The action of detergents on the control of gene expression in
developing embryos has not been studied.

It is the hope of this

research to describe the nonnal transcriptional pattern of the
developing Fathead Minnow embryo and to provide insight into the possible action of LAS on the genetic mechanism by quantitatively and
qualitatively characterizing the resulting RNA pattern in embryos
treated with LAS.
To characterize the effects of LAS on gene activity rate in
the developing embryo it is necessary to isolate the primary transcriptional product of the DNA template.

Also, an analysis of the

4

rates of uptake and incorporation of labelled 3H-Uridine into the
precursor pools and DNA will be performed.

Finally, an electrophoretic

analysis of the RNA pattern will be shown.

The analysis of these

p-arameters should offer some conclusions as to the site of LAS action.

CHAPTER II
LITERATURE REVIEW
Maternal Messages (Informosomes)
The ability of the fertilized teleost embryo cultured in
actinomYcin D or irradiated with x-rays to proceed to the blastula
stage without RNA synthesis provides evidence that early development
is controlled by templates transcribed during oogenesis (Briggsand
Cassens, 1966; Neyfakh, 1964; Hagenmaier, 1969).
Additional evidence for the existence of maternal messages
come from the observation that protein synthesis occurs after fertilization in Sea Urchin and Loach embryos with no observable synthesis of
RNA (Neyfakh et

2l·•

1968; Mano and Nagano, 1966).

The synthesis of

protein at these early stages, both in sea urchins and fish, was found
to be histones (Gross et

~-·

1973; Krigasgaber et

~.,

1971).

Both

authors observed the rapid increase in these proteins within the
blastula nuclei.
The presence of specific messages, as shown by the nonrepetitive nature of Xenopus oocyte's RNA (Davidson and Hough, 1971)
in the embryo's cytoplasm and their resulting activation adds to the
complexity of the developntental mechanism.

The activation of quies-

cent maternal messages localized within a ribonucleoprotein complex
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has been shown to be activated by the.phosphorylation of adenylate
residues of their poly-A stretches and translocation of viable messengers to the translational apparatus in the cytosol via a RNP-membrane
complex (Slater et al., 1973; Susheela and Jayaraman, 1976).

Parallel-

ing this increase in Poly A-mRNA phosphorylation and transfer to
ribosomes is the increase in protein synthesis in the developing embryo
(Epel, 1967).
In the unfertilized eggs of the Groundling fish it was observed
that more than 15% of the total RNA is lost by the tenth hour of
development (Timofeeva and Kafiani, 1964). By analyzing.base ratios,
Timofeeva and Kafiani were able to conclude that the major loss of RNA
occurred within the DNA-like species.

This confirms the results of

Crippa and Gross (1969) that maternal RNA begins to disappear from the
embryo, so that by early gastrulation half of the RNA has been lost.
The existence of maternal messages localized in a subribosomal
ribonucleoprotein complex is revealed by the observation that at
-vitellogenesis poly-A containing heterogeneous RNA is being stored
within the oocyte's cytoplasm (Rosbash and Ford, 1974).

Gross et a 1.

(1973} have isolated the 9s histone message from RNP complexes which
are translated without a long lag period.

Darnbough and Ford (1976)

observed that the quiescent cytoplasmic poly A-mRNP particles do not
undergo changes in translational ability from early vitellogenesis to
maturation.

Darnbough and Ford (1976), however, did observe a rapid

change in the oocytes' protein pattern during early vitellogenesis.
They attribute this change to a translation of certain poly-A (+) and
poly-A (-) ribonucleoproteins.

7

The existence of non-ribosomal ribonucleoprotein particles was
first shown by Spirin et

~~

Misgurnus fossilis embryo.

(1964) in the differentiating loach
It was striking that these particles when

isolated from nuclear, cytosol, or polyribosomes all exhibited similar
characteristics.

The term "Informosomes" was suggested for free infor-

mational cytoplasmic ribonucleoprotein particles containing nonribosomal RNA and having a buoyant density of l.4/cm 3 in a Cesium
Chloride gradient.

By sedimentation analysis in sucrose gradient, of

cytoplasmic extracts of blastula stage loach embryos, Ovchinnikov et
!]_., (1968) observed informosomes sedimenting in a range from 75- 20s

with RNA isolated from these particles sedimenting between 35 - 6s.
The high molecular weight of free informosome forming proteins suggest
that they possess a quaternary structure and may have a regulatory
function (Ovchinnikov and Avanesov, 1969).

The consumption of basic

protein attached to a ribosomal like particle into the Salmo irideus
and Salmo trutta blastoderm during the blastulation stage suggest the
possibility that some component of the RNP complex may induce differentiation (Hagenmaier, 1969).

In Brachydanio rerio and Pimephales .E!:_Ome-

las consumption of ribosomal like particles by the fishes blastoderm
through cytoplasmic streaming is seen (Thomas, 1968; Manner and Dewese,
1974).

Within the period between fertilization and gastrulation there

is also the transfer of a glycogenphosphorylase complex to the blastodern which activates the process of glycogenolysis in loach embryos
(Yurovi tski i and Mol man, 1972}.
Recently, Sekeris and Niessing (1975} isolated a low molecular
weight RNA which serves a structural role for the arrangement of

8

proteins within the RNP particle.

Rochoi and Busch (1975) believed

that these lovt molecular weight RNAs serve to notify the genome of
cytoplasmic changes as the RNP-RNA is being translated.

Alfagme and

Infante (1976) have isolated such a product from developing Sea Urchin
embryos which is DNA-like in base composition.

The possibility of

this RNA being a selective breakdown product of DNA-like RNA which can
migrate back to the nucleus and control the genome has been suggested
(Kolodny, 1975; Britten and Davidson, 1969).
The Informosomes during embryogenesis in the loach are believed
to function by controlling the selective translation of messages at
appropriate times (Belitsina et

~.,

1963}.

Informosomes were found

at all stages in the developing loach embryos and were particularly
prominent prior to gastrulation when newly synthesized mRNA reprograms
ribosomes.

The reprograming of the ribosomes by gastrulation is pre-

ceeded by the complete breakdown of maternal RNA in the blastula stage
embryonic disc (Spirin et

~.,

1964).

It is apparent that prior to

the late blastula stage, the concentration of RNP particles, via the
periblast syncytium in the blastoderm, is the major RNA translated on
the protein synthesizing apparatus of loach embryos (Spirin et
1964).

~.,

The occurrence of RNP particles associated with the extra

vesicular yolk of mature teleost oocytes has been suggested by Hisaoka
and Firlet (1962).

Since glycogen is the major energy source of the

embryo up to the blastula stage, the transfer of the glycogenphosphorylase complex and RNPs to the blastoderm of the fish plays
separate yet uncompromising roles for further development (Yurovitski i
and Milman, 1973).

9
By the beginning of gastrulation in the fish, both the cytoplasmic streaming of the RNP particles and the glycogen phosphorylase
complex into the embryonic disc has stopped.
actimomycin D into the blastocoel of Salmo

The injection of

trut_t_~_

completely prevents

gastrulation, while having no effect prior to this stage (Hagenmaier,
1969).

In the Sea Urchin Strongylocentrotus purpuratus, Wilt et

~·,

{1973) isolated a RNP complex from blastula cells which contained high
amounts of HnRNA.

As the embryo leaves the blastula stage there is a

rapid disappearance of this HnRNA.
The possible secondary function of RNP-complexes besides transporting and storing maternal messages, has been suggested by Stewart
and Krueger (1976).

They observed that rapid increase of RNP particles

within the nucleus will effectively inhibit the action of DNA dependent
RNA polymerase II.

They suggest that the active inhibiting agent of

the HnRNA-protein complex is a small molecular weight RNA.

The

existence of these ribonucleoproteins in the cytoplasm during cleavage
may explain the absence of nuclear synthesis.

As RNPs are used up by

blastula stage, new templates may then be activated.
Cleavage
The process of cleavage .in development is characterized by a
series of mitotic divisions with an increase in ce 11 number, corresponding to a decrease in cell size.

Accompanying the process of cell

cleavage is the assirnation of yolk by the developing fish embryo.

The

fathead minnow egg exhibits me rob las tic cleavage with cytop 1asmi c
streaming occurring throughout the early cleavage stages (Manner and

10
oewese, 1974).

Thomas (1968) has observed the utilization of yolk by

the growing embryonic disc as. a transfer of membrane bound yolk platelets with ribosome-like structures attached.

Both Thomas (1968) and

Hisaoka and Firlit (1962) suggest that these ribosomes are maternally
derived and transferred to fish blastoderms through the mechanisms of
mitosis of periblast cells.

Brown and Baston (1962) have observed in

Rana Pipens that during early development the yolk ribosomes are able
to incorporate a radioactive label.
Protein synthesis and the production of chromosomal regulator
proteins in the early cleavage stage of amphibians and fish is at a
steady increase, however, the kinds and amounts of different proteins
synthesized fluctuates (Gross, 1967).

The production of specific pro-

teins coded from maternal MRNA have been isolated (Krigsgaber et

~·,

1971).
In the developing Loach embryo Misqurnus fossilis protein
synthesis at the cleavage stages is characterized by the accumulation
of nuclear proteins (Krigsagaber et

~.,

1971).

Isolating subcellular

proteins from the nuclei, mitochondria and l2,00g supernatant of the
cleaving loach embryo, revealed the continual increase in basic proteins within the nucleus, and a paralleling synthesis of mitochondrial
proteins up to the blastula stage (Krigsgaber et

~.,

1971).

The

12,000g supernatant proteins, however, are synthesized at a fairly
constant rate and account for 90% of the total proteins of the embryo.
The incorporation of amino acids into the nuclear, mitochondrial and
12,000g supernatant protein is equal approximately to a 6:1:2 ratio
throughout the loach embryos cleavage stages.

The low incorporation
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of amino acids into mitochondrial proteins may be due to the fact that
the number of mitochondria do not change during early development of
the loach, while the total volume of the cytoplasm increases (Abramova,
Likhtman and Neyfakh, 1968).
In vitro experiments performed with trout embryos reveal that
the synthesis of nuclear proteins occur in an intracellular compartment
either associated with or inside the nucleus (Trevithrck, 1969).

In

the salt water teleost Fundulus heteroclitus, Schwartz and Wilde (1973)
observed that embryos treated with actinomycin-Done hour after fertilization will later exhibit permanent abnormalities in both the formation
and conformation of the anterior-posterior axis.

While the incorpora-

tion of exogeneous labelled amino acid into protein is very low during
cleavage stages in Fundulus embryo, they believe that alteration of
protein synthesized prior to first cleavage may place the following protein synthesis out of their proper time sequence.
et

~.,

In the loach, Spirin

(1964) observed the rapid association of RNP particles with

ribosomes.

This RNP-ribosomal complex at cleavage is able to incor-

porate labeled amino acids in a cell free system.

Embryos of the early

cleavage stage incubated in radioactive amino acids and uridine reveal
the rapid incorporation of amino acids into growing polypeptide chains
and labeled RNA associated with the RNP-ribosomal oomplex.

This both

suggests the immediate synthesis of RNA early in loach development and
confirms the hypothesis of protein uptake by the nucleus.

Thus, it is

evident that protein synthesis during early cleavage in the teleost
embryo is necessary for normal morphogenesis beyond blastula (Crawford
et!}_., 1973).

12

The precursor pool nucleotides for incorporation into nucleic
acids varies according to the needs of the developing embryo.

Much of

the required deoxyribonucleotides are believed to be derived from
extranuclear DNA.

DNA transcription in early cleavage stages of the

Loach is prevalent to a great extent in the embryo's cytoplasm
(Shmerling, 1965).

One species of cytoplasmic ENA (mtDNA) is not

replicated during early cleavage (Mikhailov and Gause, 1974).

At

cleavage the high molecular weight DNA associated with the transcriptional active mitochondria cannot serve as a precursor to nuclear DNA
because its total amount remains constant or slightly increases
throughout early development in fish embryos (Mikhailov and Gause,
1974; David, 1965).

Mikhailov and Gause (1974) have suggested that

RNA primers furnish a free 3'-0H group for the mitochondrial DNA
polymerase.

Shmerling (1965) working with sturgeon embryos obtained

a high molecular weight double stranded DNA from cytoplasm, which acts
as a template for E. coli RNA polymerase and hybridizes with sperm DNA;
therefore a contradiction exists between where and what function cytoplasmic DNA plays in development.

The evidence against cytoplasmic

DNA acting as a supplying macromolecule for the nucleotide pool which
is used for nuclear DNA seems to be false, because a net synthesis of
cytoplasmic DNA does not occur at cleavage (Bristow and Deuchar, 1964).
Cytoplasmic DNA tagged with radioactive actinomycin-D disappears at
the same rate as yolk platlets vanish.

DNA synthesis in the labyrinthic

macropod Macropodus opercularis and the loach Misgurnus fossilis show a
great difference between the dividing cell DNA and the interphase nuclei
DNA of the embryo (Barskii, et

~·,

1970).

They noted that before cell
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cleavage all strands of the chromosome are replicated, while at cell
cleavage the DNA content decreases due to the short S-phase and rapid
segregation which results in a general decrease in the number of
strands per chromosome and DNA content per nuclei.

Zavarzin (1967)

observed in fish embryos that since differentiated tissues have their
own rate of division and that this process varies with different stages
of development, he concluded that there is a relationship between the
number of chromosomal strands and the ubiquitous process of differentiation.

Barskii and others (1970) observed a gradual decrease in inter-

phase DNA content up to the blastula stage in fish embryos.

Therefore,

up to the larvae stage there is an absence of dividing cell DNA and a
gradual decrease in interphase DNA.

Early cleavage DNA per nuclei

shows the highest amount, whereas during the larvae stage somatic
amounts are present due to the additional cell numbers without the
resulting increase in replication.
The synthesis of RNA and its action at the time of cleavage
shows a variety of changes up to the blastula stage depending on the
species studied.

During early cleavage the incorporation of labelled

ribonucleosides into DNA is accomplished by ribonucleotide reductase
(Tenser and Brochet, 1975).

Thereby the use of a uridine label must

be accounted for both in its incorporation into DNA, RNA and possibly
B-alanine, and its products.

The activation of maternal messages also

is occurring at a high pace during early cleavage.

The incorporation

of RNA precursors prior to the 4 cell stage is minimal and is due to
the transcription of particular histone messengers (Gross, et 21_.,
1970). With this increased transcription of mRNA and activation of
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quiescent maternal messages is the incorporation of nucleosides into
the unstable terminal pCpCpA 3' sequence of tRNA (Gross et

~-,

1965).

In loach embryos Spirin and Nemer (1965) observed three structures at
the 4 cell stage which contained mRNA.

These structures include the

informosomes and the heavy and light polyribosomes.
In the loach Misgurnus fossilis the early cleavage stages are
characterized by repeated sequences of nuclear cistrons, which are
found in the cytoplasm as light RNA fractions composed mainly of
template RNAs (Rachkus et

~.,

1968).

The nuclei of the early fish

embryo is morphogenetically inactive as shown·by the normal development of enucleated embryo up to the blastula stage (Neyfakh, 1965).
The activity of loach RNA synthesis during the early cleavage stages
shows a slight increase on a per cell basis, but a decrease when compared per embryo.

This RNA synthesis is equal in both diploid and

haploid embryos, therefore suggesting that early RNA synthesis occurs
independent of the cell's nuclei.

Kafiani and others (1969) have

speculated that early RNA synthesis is probably occurring on DNAcontaining cytoplasmic structures.
The quantity of RNA synthesis in the brook trout, Salmo trutta
and the rainbow trout Salmo Gairdneri shows an altered pattern during
cleavage (Dontsova et

~.,

1970).

This pattern is reflected by an

early high content of RNA which decreases and reaches a low point at
the 32 cell stage.

This decrease is due to a proportional decrease in

the cytoplasm during cleavage and therefore cytoplasmic templates
(Timofeeva, 1967).

Kostomarova and Rott (1970) have observed a drama-

tic decrease in RNA synthesis before gastrula in the trout's nuclei
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(Dontsova and Ivanchek, 1970).

On the basis of electron microscopy

observations, Aitkohozhim, Belitsina and Spirin (1965) observed during
the cleavage period that ribosomal RNA passes from yolk to the blastoderm in the form of ribonucleoproteins (lhomas, 1968).
diploid and haploid loach eggs Kafiani et

~·

With enucleated

(1970) were able to con-

firm that no new nuclear RNA synthesis occurs during cleavage.
Using hybridization experiments, Rachkus and others (1969) were
able to determine the degree of competition between RNA at different
stages in fish embryos.

They observed a strong competition between

the RNA population at oogenesis with those at gastrulation; however,
as development proceeds the competition of the cleavage RNA with
oogenesis RNA decreases.

Kupriyanova and Timofeeva (1973) observed

that the decrease in homologus cleavage species can be accounted for
in the loach by either a decrease in transcription of intermediate
highly repetitious DNA sequences or destruction of maternal transcripts.
Kupriyanova and Timofeeva ( 1976) have characterized these intermediate
fragments as palindrominc hairpin sequences in the loach's genome.
They be 1ieve that these sequences function as s tructura 1 recognition
sites for enzymes participating in the maturation of mRNA.
The relationship between the developing blastoderm and the yolk
is one of great importance in the normal development of the fish.
Kostomarova (1969) has observed that isolated cleavage stage blastoderms from yolk are unable to differentiate and synthesize the needed
proteins.

Devillers (1953) combined morula stage blastoderms of

Salmon with yolk from the gastrula stage and observed that the once
morphogenetic substance needed for the differentiation of the early
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cleavage stages is absent.

This perplexing substance has been identi-

fied as ribosomal like particles which increases up to the blastula
stage in the developing blastoderm of fish embryos (Aitkhozhim,
Belitsina, and Spirin, 1964).

Electron micrographs have shown the

transfer of these ribosome-like particles through a cytoplasmic network penetrating the yolk (Lentz and Trinkaus, 1967).

These cytoplas-

mic extensions have been identified in Brachydanio rerio by Thomas
{1968) and in Pimephales promelas by Manner and Dewese (1974).

After

the formation of the periblast the yolk particles are added to the
germinal disc by periblastic mitosis (Thomas, 1968).

These specific

particles were later found to be smaller than ribosomes and to contain
M-RNA (Lukani din, et

~·,

1972).

these ribonucleoprotein pa rti cl es

Spi rin and others ( 1964) termed
11

lnformosomes 11 •

Pi ati gorsky and

Tyler {1969) have noted in the Sea Urchin Lytechinus pictus that an
increase in RNA synthesis accompanies an increase in polyribosomal
content and in the appearance of postribosomal ribonucleoprotein
particles during early deve 1opment.
In the fresh water developing fish embryo, the RNA produced
immediately after fertilization is characterized as a 1ow molecular
weight (5 - 7s} RNA species.

Solov'eva and Timofeeva (1970) observed

these LMWRNAs in the loach embryo and found that they are highly
unstable and highly methylated.

In addition, they observed that these

RNAs were able to hybridize to homologous repeating nucleotide
sequences of the DNA.

After incubating the recently fertilized egg

in uridine for different times, they find the net early incorporation
of the label in high molecular nuclear RNA, whereas later, they
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observed its translocation in LMWRNA.

From these studies they surmise

that the LMWRNAs are degradation products of high molecular RNA synthesized immediately after fertilization.

In the salt water teleost

Fundulus heteroclitus it has been observed that if nuclear RNA synthesis is prevented following fertilization post-blastular deve-lopment is
aborted (Crawford and Wilde, 1966d).
As cleavage proceeds the appearance of transfer RNA becomes
evident in the loach and trout embryos (Kafiani, et
Melnikova, 1971).

~·,

1969;

In the trout embryo, Ignat'eva, Roff and Tolstorukov

(1971) observed a decrease in the amount of RNA synthesized from the
fertilization to the late cleavage stage.
findings were observed.

In the loach embryo similar

Timofeeva and Kafiani (1964) found the

greatest decrease in specific activity in the transfer RNA species.
Neyfakh and Abramova (1974) working with loach, and Dontsova and others
(1970) with trout, speculate that the apparent decrease in cytoplasmic
RNA synthesis observed throughout early cleavage is due to the decrease
in the number of mitochondria and therefore m-RNA synthesis throughout
this period.

Therefore much of the early RNA synthesis occurs in the

cytoplasm of the cells and a decrease in the specific activity valve
per embryo is due to a decrease in the volume of the cytoplasm during
the course of divisions.

Paralleling this decrease in RNA synthesis

is the decrease in DNA content per cell, which is obviously due to a
decrease in the portion of cytoplasmic or·;, in the cell, in the rainbow
trout Salmo gairdneri and the brown trout
1970).

~almo

trutta (Dontsova et al.,
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Nuclear Activity
The onset of nuclear gene activity is the time at which the
developing organism is to a great extent responsible for its own
development.

The beginning of nuclear RNA synthesis is revealed at

the blastula stage in fish with a sequential decrease in inhibitors
as development proceeds
1973).

~ ~-,

(Soloveva and Timofeeva, 1973; Kafiani

Crippa (1970) was able to isolate one of these inhibitors

which was trypsin sensitive and ribonuclease resistant.

The process

of selective activation of genes depends on the underlying mechanism
of differential derepression of particular cistrons.

Brachet et al.

(1968) has shown that acidic proteins activate acid labile DNA
chromatin at gastrula in amphibian embryos.

These observations have

also been confirmed in the Sea Urchin where chromosomal protein
derepressors (acidic proteins) are present at late gastrula to a
greater degree than histone proteins (Gross and Gross, 1972}.

Burakova

and Kostomarova (1975} using loach embryos also observed a 10 fold
increase in the acidic protein content in the blastula nucleus.
The production of DNA-like RNA at different stages of development gives an indication of differential gene activation.

At the

onset of nuclear d-RNA synthesis, in fish blastula stage embryos, the
RNA has a high cot valve with blastula DNA.

However at late gastrula,

through the use of competitive hybridization, only 50% of pulselabelled d-RNA hybridizes readily to blastula DNA (Rachkus et
1969).

~.,

Bachvarova and Davidson (1966) have observed that different

types of cistrons are activated in Xenopus laevis at gastrula with
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regional differences of RNA produced in mesodermal and endodermal germ
layers.

This may account for the reduction in the degree of hybridiza-

tion between the blastula and gastrula stages.
Rachkus

-

~~·

(1969a, 1969b) completed extensive studies on the

degree of homology between RNA of different embryological stages of
leach embryos.

Using spern DNA he observed that 45% of blastula RNA

will hybridize, while 30% of the mid-gastrula and 20% of the organogenesis RNA will hybridize together.

From these results, and the rates of

hybridization, they concluded that as development proceeds, the degree
of repetitive sequences transcribed are reduced while the nonrepetitive
genomic sequences are transcribed much more.

Using oocyte DNA, Rachkus

performed competitive hybridization studies with the RNA from different
developmental stages of the loach embryo.

It was observed that all

stages contained RNA homologous to the oocytes• RNA.

Up to the blastula

stage the degree of homology to ovary RNA continually decreased;
thereby suggesting a gradual decrease or decomposition of maternal RNA.
By mid blastula an increase in heterogenous RNA is noticed, and at
organogenesis again a new set of heterogeneous RNA species are observed.
Within the total RNA from the mid-blastula stage--primary differentiation--and organogenesis--tissue differentiation--there is a 100%
hybridization of this total RNA to ovarian RNA besides the appearance
of the new heterogeneous species.

It is therefore suggested that simi-

lar RNA analogous to the ovarian RNA is continually transcribed
throughout development.

Kupriyanova and Timofeeva (1973} proposed that

this RNA is transcribed from highly repetitive portions of the genome,
and that the message may translate for mai ntai nence proteins concerned
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with metabolic processes of the cell structures.
~

~

Kupriyanova and

Timofeeva (1976) further characterized within the loach's genome
palindromic sequences which may be the initiation points for the
transcription of these necessary messages.
species observed, Rachkus et

~-

As for the heterogenous

(1969) proposes that these unique

RNAs account for the 1uxury events of differentiation of embryonic
tissues.
Nuclear activation in amphibian (Brachet et

~.,

1968) and fish

embryos (Hagenmaier, 1969) is preceeded by a gradient of ribonucleoprotein particles from the vegetal to the animal pole.

Maximal number

are observed in the fish blastoderm at the blastula stage.

The con-

sumption of ribonucleoprotein in fish embryos Saln10 iridius and ?almo
trutta is characterized by their transport from the yolk through the
periblast into the blastoderm (Hagenmaier, 1969).

Yolk granules at

the early blastula stage show a dense accumulation beneath the blastoderm (Thomas, 1968).

Aitkhozhim, Belitsina and Spirin (1964) have

defined the RNA of the ribonucleoprotein as being ribosomal in nature
and therefore may be maternally derived.

The limited time for ribo-

nucleoprotein transfer shows that this phenomenon is not the result
of energetic yolk utilization but is in some way connected with the
process of differentiation (Hagenmaier, 1969).

Isolating the blasto-

dern from the yolk at blastula results in the embryo's inability to
develop (Kostomarova, 1969).

These findings suggest that at mid-

blastula the synthesis of M-RNA and the passage of RNP from the yolk
through the junctional complex from the periblast results in the
initiation of protein synthesis.·
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The selective use of yolk by the blastoderm has been studied by
a number of authors.

Carbohydrates provide little of the necessary

energy except at gastrulation where glycogen and the fish embryo's
respiratory quotient increases (Hishida and Nakano, 1954).

The most

important energy products of the early fish embryo are proteins and
lipids.

Radioactive tagging of yolk proteins has shown that the acid

soluble pool increases prior to gastrulation with a reduction in yolk
radioactivity shortly before protein synthesis in Oryzias latipes
embryos (Monroy et

~.,

1961).

Yamagami (1960) noted that the phos-

phoprotein content falls at gastrulation but is balanced.by an increase
in nucleic acid phosphorous and inorganic phosphates of fish embryos.
The junctional complex of the developing teleost embryo shows
great variation during embryogenesis.

At blastula the intercellular

membrane shows c1ose attachments and few desmosanes. In Fundu 1us
heteroclitus the cells exhibit little contact adhesion, whereas at
gastrulation their ability to adhere to one another increases (Trinkaus,
1973) as the cell migrates over the yolk of the fish embryo.

The

increase in desomosomes and cytoplasmic filaments accompanying epiboly
are due to the stress placed on the enveloping layer.

Carbohydrate

containing molecules on the cell's outer surface may play a role in
cellular migration and adhesion.

Differences in oligosaccharide side

chains of glycoproteins may act as cell recognition sites via the
enzyme glycosyltransferse which catalyse the addition of activated
sugar to glycoprotein acceptors (Schneider and Lennarz, 1976; Roth et
!!_., 1971).
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Three processes which accompany the pre-gastrula stage in fish
embryos are the increase in the duration of the mitiotic cycle, the
initiation of nuclear RNA synthesis, and the activation of morphogenetic.

If

nuclear activity (Ignat'eva and Rott, 1970).

The onset of these pro-

cesses occurs at different times in the teleost; however, they all
occur in the above order.

Donstova et

~·

(1970) has noted in trout

embryos that the synthesis of m-RNA begins before the morphogenetic
function of the nuclei.

Mel'nikova et al. (1972) has also noted an

activation of ribosomal RNA and its precursors prior to gastrulation
and nuclear function.

Prior to gastrulation there are two distinct

periods, the first characterized by rapid synchrony of cell divisions
and the second, the fusion of Karyomeres with the appearance of a
nucleolus (Rott and Sheveleva, 1968).

Rott and Sheveleva have observed

in loach embryos that morphogenetic nuclear function coincides with the
reduction in cell divisions, mitotic index, and with an increase in
mitotic cycle and interphase.

Working with haploid embryos they have

revealed that cell division and morphogenetic nuclear function occurs
one generation later than in diploids.

These events have suggested

the establishment of a threshold ratio between the nucleus and cytoplasm.

lgnat'eva (1971) compared the onset of nuclear morphogenetic

function. interphase 1engtheni ng, and RNA synthesis among te 1eos t with
the realization that differences in the moment of their appearance
occurs because of the amount of yolk in the eggs (Ignatieva and Rott,
1970).
The onset of RNA synthesis in fish begins prior to nuclear
morphogenetic function.

Neyfakh ( 1959) inactivate the nuclei of fish
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embryos and noted that the blastula stage was important for new RNA
production.

Autoradi ographi.c studies of fish show that there is a s i g-

nificant incorporation of Uridine into the basal layer of cells of the
developing blastoderm (Kostomarova and Rott, 1969).

~

Much of the radio-

activity is incorporated into m-RNA with a relatively weak synthesis
of t-RNA precursors (Timofeeva et

~·,

1968).

Isolated blastoderrns

from yolk of loach embryos are able to incorporate precursor into high
polymer RNA at blastula with its continual incorporation through
gastrula (Donstova and Neyfakh, 1969).

Due to the continual increase

in Hp-RNA synthesis, they have hypothesized that yolk contains
inhibi·tors necessary for selective gene control.

Kafiani et al. ( 1969)

compared RNA synthesis in isolated loach embryos incubated with an
excess of exogenus polymerase.

Prior to intense activation of the

nuclei at blastula there is 3- 7 fold increase in RNA polymerase
activity from early to late blastula.

However, the availability of

nuclear DNA templates remain constant (Kafiani, 1973).

The blastula

nuclei templates, however, unlike the gastrula templates where the
enzyme molecules per unit of DNA increase several-fold, are saturated
with RNA polymerase.

Such a large increase in RNA polymerase in such

a short time suggests that a cytoplasmic storage of RNA polymerase is
feasible.

Morphologically the loach blastula nuclei are greatly

enlarged and their chromosomes are highly extended at this stage.

It

is believed that highly repetitive DNA sequences increase with a
decrease in the amount of polymerase present.

Kafiani (1973) also

noted that changing the K+/Na+ ratio of the nuclear incubation medium
results in different degrees of RNA synthesis.

In loach embryos the
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concentration of Na+ decreases while that of K+ increase
during development (Beritashvilli et

~·,

considerably

1969).

The transition from blastula to gastrula is revealed by a reduction in the amount of messenger RNA transcribed (Donstova and Ivanchik,

~~

1970; Donstova et

~·,

1970).

The appearance of new RNA molecules at

gastrula is coordinated with the disappearance of maternal RNA (Volfson
and Vorobev, 1973).

This transition is also accompanied by a change in

the composition of histones with a decrease in the arginine rich fraction and an increase in lysine-rich fraction (Vorobev et

~.,

1969).

The absence of the lysine-rich histone Fl results in a sharp increase
in the degree of hybridization of RNA with repetitive DNA, therefore
suggesting that the Fl histone limits the transcription of repeating
portions of the DNA strand (Ananeva et

~·,

1968).

Shiokawa and Yamana

(1967) reported having found a low molecular factor which suppresses
r-RNA synthesis in early stages.

Crippa (1970) has defined this sub-

stance as a protein which interacts with r-RNA cistrons and prevents
RNA-polymerase from working.
Upon injection of actinomycin-D into the fish embryos blastocoel
development is stopped at the beginning of gastrulation.

Therefore a

new synthesis of messenger RNA is needed for further development.

The

initiation of ribosomal RNA is characterized at late gastrula by a
decrease in the amount of·basic proteins.

During invagination of the

overlying ectoderm in trout there is no exchange of RNA and basic proteins of the RNP between the neuroectoderm and the invaginating tissue
(Hagenmaier, 1969).

In contrast, Urodele embryos do show transfer of

RNP between the primary embryonic tissues (Hagenmaier, 1968).

With the
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appearance of nucleoli at midblastula in the rainbow trout (Salimo
gairdneri) there is an increase in pyronin-staining bodies which are
sensitive to RNAase (Purko and Hayletl, 1972).

As gastrulation ensures

these nucleoli increase both in size and number and finally appear
throughout the blastoderm and have the ability to incorporate a Uridine3H label 10 times greater at involution in comparison to early blastula.
Particularly prominent is the synthesis of r-RNA with the appearance of
nucleoli.

This r-RNA contains a higher G+C base ratio than the oocyte

due to the heterogeneous nature of the ribosomal RNA.

Brown (1966) has

used r-RNA 18s and 28s species as an assay system for genetic alteration
since they are direct gene products as shown by the fact that a homozygous mutant completely blocks ribosomal production.

Nakamura and

Yamada (1971) have shown in Xenopus laevis embryos that from fertilization to late cleavage the prenucleolar bodies begin to accumulate
fibrillar components.

Only at gastrula does the nucleolar bodies

accumulate a granular protein coated with RNA fibers.

This RNA, unlike

that found in the oocyte, is both RNAase and trypsin sensitive.

Unlike

the RNA synthesized at blastula and early gastrula in loach embryos,
which contain repeated sequences, the RNA at late gastrula represents a
greater portion of the genome with fewer repeated seque.nces ( Rachkus et
~.,

1970).

With the transcription of new genomic sequences there is

the appearance of less repetitive and more hetergeneous templates in
the cytoplasm and therefore a greater complexity of the genome is
expressed.

At blastula in fish embryos the chromatin is diffuse with

no heterochromatin segments detected, while at later stages heterochromatinization take place (Ananeva et

!l·•

1968).

This
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heterochromatinization is believed to restrict neighboring repetitive
sequences from being transcribed.

The appearance of ribosomal trans-

cripts is observed at mid-blastula with the appearance of a 36s and a
38s species in the rai nbov1 trout (Sa lma gai rdneri) and brook trout
(Salmo trutta) (Menikova et

~.,

1973).

The final processing of these

r-RNA precursor into cytoplasmic 27s and 18s species occurs at blastula
in the trout,
Kafani, 1965).

a~d

during late gastrula in the loach (Timofeeva and

The discontinuity of ribosomal transcription between

similar bony fish can be accounted for by the higher degree of maternal
r-RNA in the loach blastoderm at blastula (Dontosova et

~.,

1970).

Therefore, r-RNA reserves from the unfertilized eggs regulate the
induction of r-RNA synthesis during embryogenesis at least in fish.
If the blastoderm of the trout embryo is separated from the yolk, the

maturation of precursor r-RNA is inhibited.

Therefore a factor sup-

plied by the yolk initiates precursor r-RNA maturation.

The factor

has not been isolated but since they determined the rate of precursor
r-RNA conversion, they believed the factor may act in the methylating
system (Greenberg, 1966), by contributing methyl groups or cofactors.
This maturation factor may also be a specific nucleases, providing for
the elimination of nonfunctional nucleotide sequences from the precursor (Melnikova et

~.,

1973).

The final transition of the embryo from

blastula to gastrula is also characterized by the formation of new RNA
which is transcribed slower than the rate of R.NA decomposition (Timofeeva et

!l·, 1968). Therefore the

low~r

resulting specific activity

is due to the low concentration of homo l~ RNAs.

The activation of

new templates increases from gastrulation onwards with the complete
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restoration of the homologous RNA population by late gastrula.
Competitive

hybridiza~ion

of gastrula and organogenesis RNA is

revealed by a high degree of competition, indicating that no new
genetic templates occur during the transition period (Rachkus ct .Q__l·,
1970).

Labelled loach RNA of late organogenesis hybridized with dif-

ferent stages reveal two interesting features.

The RNA from pre-

fertilized to blastula are decomposed progressively up to gastrula and
then are synthesized afresh by the late gastrula stage.

The RNA

needed for tissue differentiation are evidently present at the transition to organogenesis.

Tiederman et al. (1965) has noted that at

neurulation there is a large increase in high molecular weight, transfer and ribosomal RNA in the ectoderm.

Flickinger (1965) inhibited

both gastrula and neurulation by stopping nuclear RNA synthesis with
actinomycin D.

Contradictory to fish, the amp hi bi an embryo produces

different species of high molecular RNA at gastrula, neurula and the
tail-bud stage.

In Rana pipen nuclei the stages of gastrula and

neurula produced both quantitatively and qualitatively more RNA than
at larval stages (Kohl et

~··

1968).

Paralleling RNA synthesis is

the production of specific RNA polymerase suggesting that as development proceeds more regions of the chromatin are available due to less
proteins being associated with the DNA.

Greene and Flickinger (1970)

have confirmed previous studies, with amphibian that repetitive
sequences decrease as development proceeds.

fs

development reaches

neurula, the amount of DNA-like RNA synthesisldecreases, but its
selective transport into the cytoplasm increases and plays a definite
role in detennining the fate of embryonic cells.

Greene and Flinger
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(1970) have characterized two

differe~t

DNA-like RNA populations.

a common RNA, homologous to about 1% of the genome.

One

The second popula-

tion present in fewer copies increases as development proceeds.

This

second RNA may be the population described by Aronson and Wilt (1968)
which remains in the nucleus.

Denis (1966) noted that at certain

stages embryos contain a number of transient genes, used at certain
stages with

produce Hn-RNA differing in both base composition and

sedimentation coefficients.
The final important stage in the realization of genetic information in development is to understand the nature of
protein synthesis.

nucle~r

control over

Protein synthesis in the loach embryo is revealed

by two peaks of amino acid incorporation, one at gastrulation and
another at post-organogenesis (Krigsgaber and Neifakh, 1968).
et

~·

Neyfakh

(1968) exposed loach embryo nuclei to inactivation by radiation

and noted at blastula in gynogenetic and androgenetic haploids no dif/
ference in the degree of protein synthesis from normal embryos ofcurred.
However, iradiation at late blastula or early gastrula produces

~rotein

synthesis which is remarkably reduced but is still functioning.

From

these results it is apparent that protein synthesis in developing early
fish embryo is controlled by stored mRNA produced during oogenesis.
M-RNA produced by the embryo• s own nuclei is controlled by a nongenetic regulating mechanism acting at the translational level.

The

process of nuclear control of protein synthesis in diploid and haploid
loach embryos reveal that since a reduced amount of MRNA is transported
by the embryo during nuclear activation ( Kafi ani et _!1., 1968) a reduction in protein synthesis should be observed (Neifakh et .!l_., 1968).
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Since this is the case in haploid embryos this thus allows the conclusion that both sets of chromosomes function independently of one
another, but their activation is controlled by a common mechanism
(Kafiani et

~.,

1968).

Thus, embryonic development is revealed by

changes in RNA population, and in particular the transition from
blastula to gastrula and from late gastrula to organogenesis.

This

serves as proof that differentiation is controlled by both the activation of new groups of genes and the degree of nuclear-cytoplasmic
interrelations.
Nucleocytoplasmic Interactions
The final prerequisite for embryological independence is that
moment at which nuclear RNA is able to control protein synthesis.

The

selective processing of Hn-RNA molecules to smaller units with their
transport and translation in the cytoplasm is evident at late gastrula
in the fish embryo.

Prior to late gastrula

protein~sis

is con:...

trolled by long-lived templates and a non-genetic mechanism at the
translational level (Krigsgaber and Neyfakh, 1972).

Thus, primary

embryonic differentiation, at least in the loach, is related to the
activation of protein synthesis.

Inactivation of loach. (Missgurnus

fossilis) embryos before early blastula results in the inhibition of
development prior to gastrula.

However, the later the irradiation

between midblastula and late blastula, the longer the embryo will
develop (Neyfakh, 1964).

It seems that the supply of m-RNA stored in

the egg is almost depleted at these developmental stages (Rachkus et
!}_., 1969).

In gynogenetic haploid loach embryos the degree of protein
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synthesis is the same as in diploid embryos, although RNA synthesis is
about b-lice as low (Kafiani et
hybrids (loach

~·,

1968).

Androgenetic haploids

g x goldfish c!) are incapable of differentiation due both

to chromosomal elimination and the inability of goldfish RNA to function in the loach cytoplasm (Nayfakh and Rodziyevskaya, 1967).

At the

subcellular level the defect seems to be due to the fact that active
polysome complexes which are formed at gastrula with the participation
of blastula m-RNA are inhibited from constructing the necessary
protein-RNA complex required for RNA translation {Spirin et

~.,

1964).

This event is similar to normal development in that a time gap between
m-RNA synthesis and protein synthesis is observed due to the termination of long-living m-RNA.

This lapse in the appearance of renewed

protein synthesis is due to the time required for new m-RNJ\ to be
transported from the blastul(Yluclei via

informosomes to the polysome

complex for its translation by a non-gene-like mechanism at late
gastrula (Krigsgabar and Neyfakh, 1972).
Thus, the fidelity of differentiation is both controlled at the
level of transcription and translation.
The effects of nuclear messages and their transport into the
cytoplasm make clear the importance of nucleocytoplasmic relationships
for metabolic differentiation.

In loach embryos respiration,

cytochrome-c oxidase, and cateps in activity are greatly influenced by
nuclear information (Neyfakh, 1964).

Respiration in teleost embryos

is maintained at a constant level up to blastula whereupon functional
changes of the intracellular respiration apparatus occur in relation
to developmental needs (Neyfakh, 1964).

At blastula the respiration
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rate of enucleated loach embryos does not rise like that noted in
androgenetic, gynogenetic, diploid embryos with the advent of nuclear
transcription.

Cytochrome-c oxidase activity in developing loach

embryos begins at fertilization and steadily increases through development.

Yet, in haploid embryos cytochrome oxidase activity is half that

of the normal diploid embryo.

This results in the conclusion that both

paterna 1 and materna 1 chromosomes are necessary for norma 1 oxidase
activity after fertilization (Neyfakh, 1964[': The functional activation of cytochrome oxidase in loach occurs
fertilization.

~i!hin

the first minutes of

Catepsin, localized primarily in the yolk of loach

embryos, is activated at fertilization.

Androgenetic haploids and

enucleated embryos show that the rise in catepsin activity proceeds
twice as slow in comparison to diploid and gynogenetic haploids.

Since

catepsin activity is not associated with mitochondria it is difficult
to conceive how the nuclei can control its activity.

It is apparent

from Neyfakh's (1964) work that the degree of nucleocytoplasmic control
varies with the type of metabolic system being investigated.

In the

teleost Fundulus heteroditus embryos both aerobic and anaerobic synthesis of ATP are present with the latter appearing from fertilization to
blastula and then a dramatic shift to aerobic respiration afterwards
(Wilde and Crawford, 1966).

Incubating post-blastular embryos in

cyanide results in the inhibition of development and an alteration of
glycolysis at gastrulation, but has little effect outside of a slight
alteration in glycolysis prior to blastulation.
Cyanide incubation seems to have no significant effect on ATP
levels until the post-blastula stage.

ATP levels prior to post-blastula
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are sustained by apparent reserval of high energy compounds or by
anaerobic metabolism (Crawford and Wilde, 1966).
Beyond blastula ATP levels are increased by productive aerobic
oxidative phosphorylation.

Lactic acid accumulates in cyanide treated

embryos at the pre-blastula stages with an apparent increase in the
glycolytic rate.

Postblastula Fundulus embryos treated with cyanide

do not show stimulated

but rather an inhibition which is
(
due to the i ni t·i ati on of a Pas\eur
,,, effect at the b1as tul a stage (Wilde
glycolys~,

and Crawford, 1963).
The interdependence of macromolecular synthesis and the correlation between the bioenergetic capacity of the developing Fundulus
embryo and its ability to synthesize new information is characterized
by the use of metabolic inhibitors.

Actinomycin which binds to DNA

sequences will block post-blastula morphogenesis in Fundulus embryos
(Wilde and Crawford, 1966).

The ability of Actinomycin to block post-

blastula morphogenesis can be postponed by cyanide.

Therefore, the

sensitive period to Actinomycin at post-fertilization can be delayed
until the late cleavage stages.

Cyanide incubated Fundulus embryos

therefore show a delayed incorporation of labelled Uracil into the RNA.
It is apparent that aerobic respiration is necessary for RNA synthesis.
Since the ATP level in normal and cyanide treated embryos are similar,
one explanation why anaerobic metabolism fails to support RNA synthesis
may be that the glycolytically derived ATP cannot perform the same
function as aerobically derived ATP.
Ishikawa et

~·

(1968) have shown that the release of RNA from

the ribonucleoprotein complex and the transportation to the cytoplasm
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is governed by ATP which acts specifically at the
Samarina et

~·

(1968) repor-ted that this RNA released from the nucleus
r--

is predominately 45s in nature and contains a high-p'rotein content
\

(RNA/protein= 1 :4).

Since inhibitors of glycolysis and the tricar-

boxylic acid cycle do not effect RNA release, Schneider (1961) proposed
that chemical and physical factors rather than physiological factors
are responsible for RNA release.

Although cyanide doesn't effect RNA

transportation, it does inhibit the incorporation of uracil into the
end group of RNA by delaying the conversion of pyrimidine base to the
nucleotide (Crawford and Wilde, 1966).

It is unlikely that inhibition,

due to cyanide, affects a particular step in RNA synthesis since simple
reduction of oxygen was shown to be inhibitory (Nikol'·skaya and
Stepanova, 1968) not only to RNA synthesis, but also to mitotic activity
and cleavage in the developing loa.ch egg.

Garside (1966) has compared

the rate of development of lake trout (Salvelinas namaycush Wolbaum},
brook trout (Salvelinus fontinalis Mitchell), and rainbow trout (Salmo
gairdneri Richardson) embryos in relation to both oxygen and temperature.

He noticed that a greater amount of oxygen is needed when the

temperature and metabolic needs are increased.

In a hypoxial environ-

ment if the metabolic needs are not met, induced teratologic development and eventual mortality will ensue.
The transfer of RNA from the nucleus to cytoplasm is dependent
on the stage of development.

During the early stages of development,

RNA transfer is slow, whereas in later stages there is a 10 to 15 fold
increase in the RNA released from the nucleus (Aronson and Wilt, 1969).
Neyfakh et ~· (1972) through the· use of autoradiographic studies has
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shown in loach embryos that the transfer of RNA to cytoplasm is not
evident until late blastula.

At this stage only light RNA molecules

(2- lOs) leave the nuclei, while heavier RNA molecules remain.

From

the use of modified genotypes it is apparent that the RNA synthesized
per nucleus is proportional to the amount of genetic material.

How-

ever, an altered genetic makeup does not affect the transfer of RNA
(Neyfakh et

~.,

1972).

It has been shown

t~

the RNA synthesized

I

at blastula is transferred at different degr~es throughout development.
At early gastrula 48% of blastula RNA is transferred to the cytoplasm,
12% at early mid-gastrula, and 7% at late gastrula.

With this appar-

ent transfer of RNA there is a continual decrease of newly synthesized
RNA from late blastula to late gastrula stage (Kafiani et
Neyfakh et

~·,

~·,

1969;

1972).

DNA-like RNA during mitosis was studied in loach embryos by
means of autoradiography at blastula with the realization that this RNA
returns to the nucleus of daughter cells (Neyfakh and Kostomarova,
1971).

It is believed that this newly synthesized RNA is reversibly

bound to nuclear structures at late teleophase.

The possibility that

this concept is true is revealed in experiments performed by Georgiev
and Mantieva (1962) in which they were able to obtain different RNA
fraction through thennal fractionation of tissue with phenol.

Sedi-

mentation profiles performed on Chinese Hamster Fi brob 1as t •s RNA
during mitosis, revealed that the majority of RNA that is transferred
and remains in the cytoplasm of mitotic cells is, 5s mRNA, while the
DNA-like RNA found in the cytoplasm returns to the nucleus after
mitosis.

The high molecular weight RNA even after migration to the
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cytoplasm retains its polycistronic nature and protein complexes,
whereas monocistronic RNA which are processed in interphase nuclei
leave in an uncomplexed form (Neyfakh et i!l·, 1971).
Two models of RNA transportation to the cytoplasm may be
assumed--one which suggests that the concentration of RNA may elicit
',

the final movement, and second, a selective processing of certain RNA
chains which determine the sequence of protein translation.
later theory many variable pathways are being studied.

For the

Georgiev and

Samarina (1969) have stated that proteins associated with RNA and
which have endonuclease activity (Niessing and Sekeris, 1970) may be
responsible for the selective cleavage of RNA to monocistronic chains.
Recent experiments by Nasra and Whitelam (1975) have revealed
that the informational units from DNA are located primarily at the 5',
3' ends of the HnRNA's double-stranded hairpin structure.

In Xenopus

embryos repetitious sequences have been found at the 5' end of HnRNA
(Molloy et i!l·, 1974).

Hybri di zati on experiments have revea 1ed that

one portion of the double stranded RNA is able to compete with cytoplasmic RNA thereby providing evidence that the cleavage point for
processing of cytoplasmic RNA occurs at the hairpin portion of the
HnRNA molecule.
Dubroff and Nemer (1975) have characterized three types of
HnRNA which are present in the Sea Urchin Lytehyechinus pictus at the
blastula stage and which individually incorporate a label to different
degrees.

They have suggested that such changes may be the basis for

functional alterations in the transmission of genetic infonnation.
Weinberg and Penman (1969) noticed several species of small molecular
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weight RNA (SnRNA) found solely within the nucleus and which are bound
selectively to certain nucleotide sequences with different ribonucleoprotein complexes.

They have also noticed that these different species

are weakly hound to chromatin and individually have different stabiliti es.
Duncan, Dower and Humphreys (1975) using Sea Urchin embryos have
shown that neither the synthesis, transport nor decay of mRNA depends
on or is regulated by protein synthesis.

Whether or not protein

synthesis has an affect on RNA transferred from the cytoplasm to the
nucleus is still unanswered.
Heterogeneous RNA has been separated into nuclear and cytoplasmic
fraction in the Sea Urchin embryo by Brandhorst Humphreys (1972).

They

noted that 85% of nuclear RNA decays with a half-life of 7 minutes,
whereas 15% of the cytoplasmic RNA decays with a half-life of 75 minutes.
The translation of this cytoplasmic RNA is controlled by a cytoplasmic
factor.

Two translational control (tcRNA), functionally different RNA

species have been isolated from embryonic chick muscle (Bester, Kennedy
and Heywood, 1975).

One species inhibits the translation of poly (A)-

containing mRNA of mRNP particles while having little affect on poly(A) containing polysomal mRNA.

The second species has no inhibitory

affects on polysomal nor ribonucleoprotein mRNA, but does seem to
stimulate polysomal mRNA.

The mRNP-tcRNA contains high amounts of

poly(U) and will form stable hybrids with poly (A) RNAs, thereby making
it inactive for protein synthesis.

Bester, Kennedy and Heywood's (1970}

hypothesis that ~~ly (A) - poly (U) and informational HnRNA are
transcribed at the same moment within the nucleus.

Prior to
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transportation the polycistronic chain is cleaved, resulting in the production of informational HnRNA which is adenlylated and tcRNA containing
a specific nucleotide sequence and a poly (U) chain.

As the informa-

tional hnRNA leaves the nucleus it forms a hybrid with the tcRNA and
is collectively termed an mRNP complex.

Upon reaching the polysomal

complex, the mRNP-tcRNA species is replaced by polysomal tcRNA resulting
in mRNA capable of being translated.
The appearance of Informosomes, first noted in loach embryos by
Spirin et E.]_. (1964) and later in Sea Urchins have suggested that these
particles are the possible carrier device for mRNA.

Spirin (1966) sug-

gested that mRNA upon being released or during the transcription process
is associated with proteins, which thereby gives rise to Informosomal
particles.

Informosomes have been found in a free form within the

cytoplasm, and also attached to nuclear and polyribosomal structures
in fish embryos (Orchinnikov and Spirin, 1970).

Within the nucleus

these particles have sedimentation coefficients greater than 80s
(Samarina et

~.,

1968) and are highly ribonuclease sensitive.

However,

polyribosomal bound informosomes unlike ribosomal particles which sediment in CsCl gradient at 1.5- 1.6 g/cm3, have a sedimentation value of
1.4 g/cm3.
Unlike nuclear infon11osomes, the cytoplasmic RNPs display smaller
Svedberg units.

Yet, both cytoplasmic and nuclear informosomes display

similar gel electrophoresis patterns for attached proteins (Olsnes,
1970}.

The ratio of protein to RNA is found to be a 1:4 in loach

embryos (Spirin, 1963).
(Ishikawa et

~.,

These proteins display a high metabolic rate

1968), and differ considerably from soluble, histone,
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and ribosomal proteins (Krichevskaya and Georgiev, 1969).

In the loach

embryo the acidic RNP protei.n component binds tightly to the RNA,
whereas the slightly basic protein component is in rapid equilibrium
with the soluble precursor pool (Stepanov and Voronina, 1971).
Informosomes which selectively bind to a certain

~lass

of mRNA mole-

cules may function as a repressor at the translational level.

Non-

specific interaction with proteins will not exert any repressive action
whereas strong interaction can mask the mRNA.

Therefore three types of

nucleoproteins containing DNA-like RNA have been isolated--nuclear
particles, informosomes, and polysome-bound mRNA protein complexes.
What actual significance they play in development has to be determined;
however, recent evidence suggests that they may be storage complexes
for the quiescenLmaternal messages.

If this is so, then the performed

hypothesis of transcriptional control has to be modified and reevaluated in light of possible control of development at the translation level.
Permeability, Uptake and Precursor Pools
Membranes of

Fi~h

The use of fish embryos as tools for teratogenic studies requires
that an understanding of both the teratogen's effects and the capability
of the embryo's membranes to inhibit uptake of the agent be understood ..
The fish embryo, although suspended in an aqueous mediun1, is
separated from the fluid environment by three membranes.

Depending on

the species, these membranes exert different roles in the regulation and
uptake of extraneous substances. ·
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The modern oviparous teleost all exhibit some type of variation
in either one or all three membranes depending on how the egg is laid,
the time of year spawning occurs, and the type of environment.
The distinction given to each membrane is in accordance with its
place of origin.

The primary envelope (zona radiata) often called the

vitelline membrane, is derived from the egg itself.

The secondary

membrane formed from follicle cells is called the chorion (zona pellucide).

The final tertiary membrane is absent in many species and is

formed by the oviduct or other maternal structures not directly associated with the egg.
The plasma membrane is unique in that prior to fertilization it
is resilient and has great mechanical strength.

Shortly after fertili-

zation the envelope hardens, resulting in a greater rigidity and toughness.

Since this hardening reaction seems to occur in all teleost

thus far studied (Blaxter, 1969; Nakano, 1969), Ohtsuka (1960) believes
that this reaction is due to an aldehyde cross-linking of glycoproteins.
The Chorion derived from secretions by the follicle also represents a unique structure prevalent to all species of oviparous teleost.
Wourms and Sheldon (1976) observed that the follicle cells of annual
fish deposit a tubular array which functions as a plastron or a gill
like structure during development.

The chorion of all teleost is

pierced at the animal pole by a micropyle which functions as a channel
for sperm entry during fertilization (Szollosi and Billard, 1974).
The chorion itself has a regularly spaced array of pores which are
believed to function as exchange channels to the outside of the egg
(Lanning, 1972).

Lanning (1972) points out that there are major
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differences in the structure of the chorion from different species of
teleosts with respect to thickness, number of lamella, and the presence
or absence of pores.
The final teritary membrane in the oviparous teleost is the jelly
coat, which functions as an attachment apparatus (Wourms et
In some species of fish, such as the loach Misgurnus

~·,

fossili~

1976).

and the

Annual fish Fundulus heteroclitus, this teritary membrane is rather
large and functions in concert with the vitelline membrane to make the
egg selectively impermeable to exogenous items (Crawford and Wilde,
1966; Neyfakh, 1964).
The chorion of Salmon eggs have been found to be permeable to
tritiated water and that diffusion through it is twice as fast as compared to amphibian eggs (Potts and Prudy, 1969).

However, Loeffler

and Lovtrup (1970) observed that in Salmon, the egg's plasma membrane
is less permeable to water than amphibian eggs.
Permeabi 1i ty
Two basic types of transport mechanisms have been postulated
for the movement of substances through membranes.

Facilitated (medi-

ated transport) transport entails that substances require a carrier
of some sort to bridge the membranes' barrier.

Within mediated trans-

port there can be two subclasses, either active transport which
requires energy and is unidirectional or passive transport which is
not coupled with metabolism and is bidirectional, depending upon the
concentration gradient.

All mediated transport mechanism exhibit

specificity, saturation kinetics, and can be inhibited.

The second
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major transport mechanism is
fusion.

nonmedia~ed

(nonfacilitated) or simple dif-

It has the qualities of being both slightly temperature depend-

ent, and showing solute movement down a concentrated gradient with an
increase in entropy.
The uptake and incorporation of substances by the embryo is
governed by the requirements of the embryo at the particular developmental stage.
Within Novikoff rat hepatoma cells the entry of uridine occurs
by two processes.

One a saturable facilitated diffusion which is domi-

nant at uridine concentrations less than 50 - 100 urn, and the second a
nonsaturable process which exhibits free diffusion (Plagemann, 1971).
It has been shown by Plagemann (1975) that increases in transport rates
during the cell cycle were prevented by actinomycin, cycloheximide or
puroromycin therefore indicating that uridine uptake require both
transcription and translation.
The permeability of embryos to nucl eos ides unfortunately have
not been studied as extensively as tissues in cell culture.

Nemer

(1962), working with the Sea Urchin Paracentrotus lividus, observed
that exogeneous pyrimidine nucleosides are both taken up and incorporated into nucleic acids throughout development.
Ascidia

collos~,

In the tunicate,

Lambert (1975) observed that uridine uptake through-

out development follm'>'s a mechanism dependent on con centra ti on.

With

thymidine, dinitrophenol and parachloromercuribenzoate there is little
inhibition of uridine uptake; thereby suggesting a non-mediated mechanism of transport.

However, the effects of temperature and sodium

removal from the medium argue against this latter point and suggest
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that uridine uptake may be mediated, but not directly coupled to an
energy source.

Since tunicate embryos concentrate uridine within the

egg, but neither shows saturation kinetics nor a direct energy coupled
mechanism, it is doubtful that the mechanism of uridine entry is mediated by a passive transport system.
The uptake of cytidine by Sea Urchin embryos has also been
measured with the realization that as the precursor pool fills there is
a feedback inhibition of the uptake mechanism (Mitchison and Cummins,
1966).

It is also observed that the cytidine pool is fully expanded

after a 30 minute labelling period with 0. lug/ml of cytidine, specific
activity 15ci/mM.

Throughout development it was observed that the up-

take of labelled cytidine remained constant after a 30 minute pulse,
and that a greater concentration of cytidine is found in the embryo at
the end of the pulse period.

At fertilization Mitchison and Cummins

(1966) observed a parallel between cytidine uptake and the increase in
protein synthesis.

The observation that uptake is at a steady level

throughout development suggests that the number of carrier molecules
on the embryo•s surface remains the same in relation to the embryo,
but decreases \'/hen applied in connection with the number of carrier
moieties per unit area of surface.
Piatigorsky and Whiteley (1965) observed in Strongylocentrotus
purpuratus eggs that uridine uptake was carrier mediated and metabolicdlly coupled.

They noted that uridine accumulation was by

phosphorylation of the nucleoside at the surface of the cell.

After

15 minutes of labelling with 0.083uci/rnl of uridine the uridine pool
was completely saturated.

With different concentrations of uridine,

/
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they found that pool saturation could occur at uridine concentrations
as low as 2.0 x 10- 9M.
Doree and Guerrier (1974) using the Sea Urchin embryo
Sphaerechinus granularis found a continual fluctuation in the permeability of the embryo.

Using the purine nucleoside adenine, they

observed that the uptake of the nucleoside is proportional to the
external concentration.
inhibitors.

Adenine uptake is not effected by metabolic

Throughout development, they do see a continual rise in

the concentration of label in the embryo.

Since free adenine is

phosphorylated to the nucleoside monophosphate as it passes through
the membrane, it is suggested that the cell membrane is the ratelimiting step in the overall reaction.
Precursor Pools
The use of 3H-5 uridine as a radioactive precursor for the
determination of RNA metabolism demands the analysis of the triphosphate pool under saturated conditions.

The realization that the

intracellular pool is not at a static state is suggested by
Quastler•s (1963) four factor model of nucleotide pools.

As observed

from Figure 2, it is apparent that the de novo pyrimidi.ne pathway is
drawn upon by way of kinases, phosphateses, ribonucleotide reductase,
transphosphorylases and thymidylate synthetase.

Therefore, the

utilization of exogenous uridine for the measurement of precursor
pools requires the analysis of salvage, catabolic, and utilization
pathways.

The interrelationships between these four factors are

responsible for the pool size, the rate of macromolecule labelling,

44
the turnover rate, and the rate of equilibration with other pools.
It has been suggested that multiple pools for nucleotides exist.
Plageman (1971) has postulated separate nuclear and cytoplasmic pools
for the ribonucleotides.

The cytoplasmic pool contains 95% of the

total nucleotide and is expandable by exogenous nucleosides.

The

nuclear pool, however, remains small in the presence of exogenous
nucleosides.

Recently, Weigers, et

~·

(1976) have shown the existence

of separate pyrimidine nucleotide pools in Hela S3 cells.

One is a

large general UTP pool which serves to supply precursors for nuclei
acid formation.

It is replenished by de novo synthesis and can be

suppressed completely by high concentrations of exogenous uridine.
The second smaller UTP pool serves to supply nucleotides to rRNA and
is not inhibited by extracellular uridine to an appreciable extent.
It is thereby evident that separate pools for messenger and ribosomal
RNA synthesis exist beside the mitochondrial UTP pool.
The use of inhibitors to study the metabolic events leading to
uridine metabolism is extensive.

Scholar et

~·

(1972) has observed

a two to three fold reduction in the adenine pool of Sarcoma 180 cells
incubated with 6 methymercaptopurine ribonucleoside.

The UTP pool can

also be diminished two fold by D-glucosamine treatment.

With this

reduction there is a simultaneous increase in the pool of UDP-N-acetylhexosamine (Bekesi and Winzler, 1969).

Under conditions of limiting

glucose concentrations, the ATP pool is also decreased by D-glucosamine,
possibly because of the energy requirement for excess UDP-sugar synthesis.

Neoplastic cells have been shown to be highly sensitive to

D-glucosamine inhibition of UTP synthesis.

Bekesi et 21_. (1969) have
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observed that this increased inhibition is not due to the increased
dependence on UTP, but is due to the fact that neoplastic cells have
a greater permeability to D-glucosamine.
Goody and Ellem (1975) observed that in order to determine the
absolute rate of RNA synthesis in a cell the specific activity of the
immediate precursor to RNA must be known.

Using 6C3HED hymphoma cells

they observed that growth in a asparagine depleted medium will lead to
a significant decrease in the UTP pool's specific activity.

They also

observed that two separate pools existed--one for mRNA and one for
rRNA.

From their results they suggest that the observed-fluctuation

in the rate of uridine incorporation into RNA is dependent on the UTP
specific activity.

However, whether or not this is truly the case for

mRNA is uncertain since if exogenous

pr~cursor doe~ establi~h

equi- ·

librium with mRNA UTP pool, then the observed total specific activity
fluctuations can be attributed to the rRNA pool fluctuations.

Unfor-

tunately the specific activity of the mRNA pool cannot be measured
independently.

Plagemann (1971) has shown similar data concerning

the existence of separate pools for UTP.

He noted that the mRN/\ pool

is tightly regulated and less susceptible to expansion or contraction
by massive external concentrations of nucleosides or inhibitors of
nucleotide metabolism.

Using Hela S3 cells Kramer et

~·

(1972)

observed that exogenous uridine precursor is rapidly depleted from the
UTP and UDPG pool; whereas, the UDP amino sugar's pool continues to
increase for several hours.

It is thereby suggested that again two

separate pools exist in which one pool is not in rapid equilibrium
with the bulk of UTP.

/
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Rates of RNA synthesis is usually measured by the incorporation
of labelled uridine.

This however is only valid when the formation of

UTP from uridine is not rate-limiting.

Exact determination of rates

presuppose steady state conditions with a constant specific radioactivity of the immediate precursor. Kramer et ~· (1972) noted that
the disappearance of 3H-uridine from the medium is the cause for the
decline in the UTP pool of Hela cells.

By decreasing the number of

cells incubated, or increasing the amount of label, Kramer observed
the appearance of steady state conditions.

Since de novo synthesis of

UTP is probably suppressed by the supply of exogenous uridine, the rate
of replacement of cold UTP by 3H-UTP will reflect the rate of RNA
synthesis.
requir~d

The high concentration of 3H~uridine used is obviously

to saturate the UTP pool which is being

d~ained

both by RNA

synthesis, UTP incorporation into UDPG, UDP amino sugars and possibly
DNA synthesis.

Si nee both uri dine uptake and the amount of 311-uri dine

being salvaged through the pyrimidine catabolic pathways is reduced,"
the rate of 3H-UTP synthesis from RNA breakdown products will show a
continual decline.

Within the developing embryo of Arbacia punctulata

it has been shown that glycosyl transferase, which catalyzes the transfer of galactose from UDP-galactose to proteins, is highly active
during early gastrula (Schneider and Lennarz, 1976), and therefore
competes for UTP with RNA synthesis in the embryo.
It is apparent that the requirements necessary for the measurement of RNA synthesis are that the exogenous 3H-uridine be in large
enough amounts to saturate the UTP pool to steady state conditions.
the absence of such results calculations of RNA synthesis will be

In
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erroneous.

The kinetics of nucleoside transport into the animal cells,

as mentioned earlier, seems to be the rate limiting step in 3H-uridine
Two mechanisms have been suggested for nucleoside uptake--

uptake.

simple diffusion and facilitated diffusion.
The use of 3H-uridine as a precursor for developmental studies
has been plentiful, unfortunately complete analysis at steady state conditions have been lacking.

In mammalian embryos Daente and Epstein

(1971) observed the saturation of the acid-soluble pool with 20 uM of
uridine-5-3H.

Concurrent with the increased incorporation of label

into RNA they also observed an increased uptake of uridine in day two
embryos.

In contrast, day 3 embryos, even though uptake is dependent

on uridine concentration, there is no dependence on uridine incorporation above substrate concentration of 1 uM.

From these results they

conclude that since uridine incorporation into RNA plateaus for day 3
embryos prior to saturation of the acid soluble pool, the UTP pool
must be saturated.

Thus, if both pools are saturated, then the greater

incorporation of label into RNA in day 3 blastocysts must be due to an
increased transcription rate.
Woodland and Pestell (1972) measured the nucleoside triphosphate
contents of eggs and oocytes of Xenopus laevis.

The c6nversion from

the rapid synthesis of oogenesis• RNA to embryonic DNA requires tha.t
some type of metabolic conversion of nucleotide pathways occur.

They

have observed that at fertilization the ribonucleoside triphosphates
are 20-100 times more abundant than the corresponding deoxyribonucleotides.

Although no major metabolic changes occur in the nucleotide

pathways during development, they suggest that enough deoxyribonucleoside
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triphosphates are obtained from the

d~gradation

of high molecular weight

DNA of the egg's mitochondria to support DNA synthesis up to the 8 cell
stage.

The activation of ribonucleotide reductase activity is maximal

between the 2-4 ce 11 stage in Xenopus embryo, but decreases from this
point on throughout development (Tondeur-Six, Tenser and Brachet, 1975).
The conversion of uridine into cytidine by this enzyme may therefore
account for the fact that the deoxyribonucleosides are maintained at a
low level during development.

Unfortunately,

s3H uridine

will still be

incorporated into DNA through UTP conversion to CTP (Wiegers and
Khaproth, 1975). For these reasons s3H uridine cannot be taken as a
specific precursor for RNA labelling without consideration of the amount
of label found in DNA and B-alanine.

Collier (1963), using Ilyanassa

embryos, has obsenied,_the·conversion of labe1ed 214 c-uridine into DNA
by its conversion to thymidine.

In the embryos of Bufo arenarum Moreno

et al. (1976) observed great fluctuations in the nucleotides and nucleotide sugars during development.
In Sea Urchin embryos, Wilt (1970) observed a marked increase,
after the third cleavage, of Guanosine nucleosides into RNA.

The

penneability of the fertilized egg to guanosine reaches a maximum after
one hour post-fertilization, then slowly decreases from there on.
Analysis of the GTP pool in preloaded fertilized eggs shows a continual
decline in GTP activity throughout the period analyzed.

With embryos

continually labeled throughout development, Wilt observes an increase
in the GTP pool.

Using either technique of labeling, Wilt found at the
16 cell stage or third cleavage a rapid incorporation of 3H Guanosine
into the acid-insoluble material.
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Emerson and Humphreys ( 1970) compared the synthesis of different
RNA species in the Sea Urchi·n embryo.

After rneasuri ng the specific

activity of the ATP pool which varied from 9.1 cprn/p Mole at the blastula stage to 28.7 cpm/p Mole at the Pluteus stage, they compared the
rate of RNA synthesis.
of labeled DNA-like RNA.

At the blastula stage they observed the increase
Up to the pluteus stage they noted the

increase of both DNA-like RNA and the first appearance of ribosomal RNA.
From these results they suggest that DNA-like RNA was the predominant
RNA species synthesized throughout development.

Their results also

indicate that at cleavage and blastula, DNA-like RNA synthesis and
accumulation was greater than at later stages.

Brandhorst and Humphreys

have further characterized this DNA-like RNA into two components with
different half-lives. Using 2.5 uci/rnl of (8- 3H) adenosine (28 ci/mMole),
they observed after one hour the blastula stage ATP pool had reached a
specific activity of approximately 500 dpm/pMole and that 40 dpm and
20 dpm were found respectively in RNA and DNA.

At the pluteus stage

the ATP poo 1 measured 1100 dpm/p Mo 1e at steady state conditions and
RNA and DNA accumulated respectively 50 dpm and 5 dpm of radioactivity.
The actual amount of RNA synthesized at these stages were detenuined to
be 9.7 x lo-15g of RNA/nucleus per minute at blastula and 3.1 x lo- 15 g/
nucleus per minute at the pluteus stage.
In fish embryos the analysis of precursor pools have not been
performed.

In the brook trout Dontsova et

~·

(1970) observed that

uridine incorporation into isolated blastoderms follows a linear relationship between specific activity in RNA and time.

Throughout the

experiment, only 10% of the initial activity of the incubation medium

/
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decreased.

The data therefore indicates that the quantity of uridine

in the medium during the entire incubation time remains sufficient. In
the loach, Misgurnus fossilis Dontsova and Ivanchik (1970) used c14o2
incorporation to study high-molecular weight RNA synthesis.

They

observed that over a 60 minute incubation period, the rate of incorporation RNA was linear in blastula and late gastrula stage embryos.

Using

isolated nuclei of the loach embryo Kafiani et ~· (1973) observed that
the incorporation of 14 c AMP into RNA transcribed from 100 ug of DNA by
E. Coli polymerase changed throughout development.

At early blastula,

the DNA template incorporates 0.77 p Moles of AMP, while at mid-blastula
the endogenous activity increases to 2.60 p Moles of AMP.

At mid-

gastrula and organogenesis the AMP incorporated respectively was 0.85
p Moles and 1.2 p Moles/100 ug DNA per ten minutes.
Akhalkatsi

~~·

Using cl4 UTP,

(1971) showed that incorporation of label into RNA

followed Michaelis-Menten kinetics and reached saturation levels after
40 minutes of incubation.
Alteration in the uptake and incorporation of labeled nucleosides into fish embryos have been performed.

In the Fathead minnow,

Pimephales promelas, Manner and Muehlman (1975) found that as development proceeds the uptake of 3H uridine increases.

In haploid and dip-

loid embryos of loach, Strelkov and Kafiani (1975) observed that the
accumulation of 3H uridine into the acid soluble pool of haploid
embryos showed saturation kinetics and was always higher than that seen
in diploid embryos.

Analysis of phosphorylated products of uridine at

early gastrula showed a 2 to 2.5 fold increase in haploid embryos as
compared to that observed in the diploid embryo.

Incorporation of
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3H phosphorylated nucleosides in DNA at early and late blastula is
higher in haploid embryos but lower at gastrula and organogenesis.
Therefore they conclude that there is no compensation for genetic
deficiency on account of an intensification of replication of the
genome.

The rate of incorporation of 3H uridine nucleotides into RNA

during the blastula stage shows a decreased amount of label as compared to the diploid embryo.

Yet at gastrula and organogenesis the

reverse is true, with the haploid embryo's RNA incorporating more
uridine.

Correcting for the precursor pools they are able to confirm

that the amount of DNA-like RNA synthesized is reduced at blastula in
the haploid embryos.

Since rRNA does not begin to be synthesized

until late gastrula (Strelkov and Kafiani, 1975), these results suggest that ploidy compensation must be due to the increased synthesis
of ribosomal RNA when embryos at late gastrula begin to incorporate
a label more readily. Measuring the 14 c UTP pools in diploid and
haploid embryos at late gastrula, Strelkov and Kafiani. (1975) observed
that an equilibrium of utilization of 14c uridine.

Therefore conver-

sion of uridine to UTP during the process of synthesis of RNA evidently is not a limiting factor.
Chestukhin (1969) using loach embryos observed the inunediate
delay in development and asynchrony of cleavage when embryos were
incubated in cortisone. Both thymidine-c 14 and uridine c14 incorporation into DNA at cleavage and blastula stages was suppressed.

On the

·
·
t 1on
· of ur1· d1ne
· c14
other hand, cort1sone
has no a ff ect on t he 1ncorpora
into RNA at the blastula stage.

In the Zebra fish, Brachydanio rerio,

Hisaoka and Hopper (1953) have reported a decrease in the RNA content
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of the central nervous system and sensory structures when embryos were
exposed at cleavage to barbituric and diethylbarbituric acid.
~~-

Rubin

(1964) has observed that barbituric acid inhibits dihydroorotic

acid dehydrogenase which is a necessary enzyme for de novo synthesis
of UMP.

Through the use of autoradiographic studies of Brachydanio

rerio embryos exposed to actinomycin D, B-mercaptoethanol and
acid, Shaw (1970) observed a reduction in RNA synthesis.

c~-lipoic

Crawford and

Wilde (1966) found that actinomycin D caused an approximate 50% reduction in RNA synthesis at all stages of development of Fundulus
Heteroclitus embryos.

Under anaerobic conditions by cyanide treatment,

embryos also show a reduced rate of RNA synthesis.

They believe that

the affects of cyanide are exhibited at the site of conversion of
nucleosides to nucleotides and that uridine conversion into RNA
requires aerobic conditions for the transcription and addition of tRNA
terminal nucleotide.
Detergents
Detergents have attracted much attention in the United States
because of the pollution problems caused by their components.

Conuner-

cial detergents contain one or more surfactants, or surface active
agents, and a number of builders.

The surfactant functions both to

lower the surface tension of the liquid it is dissolved in and to fonn
a stabilized emulsion or suspension of soil particles.

The builders

sequester hard water ions such as calcium or magnesium, and in addition reacts with water to form an alkaline solution in which surfactants are most effective.

rr·
.
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In addition to surfactants and builders, detergents may contain
bleaching and brightening agents.

Bleaching agents function to oxidize

colored substances, into colorless chemical forms which are often more
soluble in solution.

Brighteners are fluorescent dyes which adhere to

textile fibers and convert ultraviolet light rays into visible light.
The major surfactants used in detergents fall into three categories:
anionic, cationic and nonionic.
Anionic surfactants were the first type to be used, and they
still remain the most widely used surfactant in detergents to this date.
The first anionic surfactant used in the early 1960's was alkyl benzene
sulfonate (ABS).

This surfactant was then replaced by linear alkyl

benzene sulfonate (LAS) in the mid 1960's.

The switch from ABS to LAS

was induced by the low biodegradation rate of ABS.
The major builder used in detergents until the late 1960's was
polyphosphate.

These builders have presented the problem of causing

extensive eutrophication in water ways.

The hydrolysis products of·

polyphosphates presents no threat to aquatic animal life or to humans.
However they do function as nutrients and can cause extensive growth
in plants.

The extensive growth and decay of plant life results in

disagreeable odors, and depletes the water of its oxygen supply and
aquatic animals.
Linear alkyl benzene sulfonate, although a readily biodegradable
surfactant, has been shown to be both toxic and teratogenic to many
species (Palmer et

~.,

1975; Abel, 1974).

The biodegradation of LAS

is proposed to occur as a result of oxidation of the terminal methyl
group to a carboxylate ion (Swisher, 1968).

This degradation continues
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by beta oxidation of the alkyl chain.

Swisher (1963) observed that the

straighter the alkyl chain the faster the degradation.

The most commonly

used anionic surfactant of detergents is the sodium salts of Linear
alkyl sulfonate (Davidson and Milevidsky, 1972).

At high concentrations

in aqueous solution the degradation of LAS is prevented.

The prevention

of degradation is believed to be due to the formation of micelles from
the amphiphilic LAS (Tanford, 1973).

Swisher (1970) has also shown that

degradation is prevented by the surfactants inactivation of bacterial
enzymes, which degrade the alkyl chain.
The chain length plays an important role in both the degradation
and toxicity of the surfactant.

Tanford (1973) states that LAS with

short chain lengths will bind to proteins and cause mild conformational
changes.

However, when alkyl sultanates with longer hydrocarbon chains

are bound in this way, a dramatic change in the protein•s internal conformation is observed

(Reynolds~~.,

1967).

From these results it is

suggested that the critical micelle concentration (CMC) plays an
important role in both the stability and most likely the toxicity of the
compound.

The cooperative formation of complexes between serunm albumin

and dodecyl surfate has been shown to have different optical and hydrodynamic properties, indicative of major confonnational changes which are
dependent on chain length (Steinhardt et

~·,

1971).

Toxicity Studies
Pollution toxicity studies concerned with the action of anionic
detergents have been plentiful.

Swisher (1966) observed that anionic

surfactants are relatively nontoxic to mammals, even after ingestion of
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hundreds or thousands of milligrams per day.

Wedell {1964) calculated

that the average human consumption of surfactants per day to be roughly
0.4 milligrams.

I

-

Palmer et

~·

(1975) analyzed the toxicity of surfac-

tants in litters of rabbits, mice and rats.

LAS was observed to be

more toxic than alcohol sulphate (AB) or CLD to rabbits than either
mice or rats.

Palmer et

~·

(1975) observed that malformations of

exencephalic, retarded ossification of occipitals, and cleft palates
were the major anomalies.
The toxicity of surfactants on fishes and their egg clutches has
been performed with the observation of both anamolies and death
(Thatcher and Santner, 1967; Pickering, 1966; Able, 1974; Manner and
Dewese, 1973).

Abel (1974) noted that detergent toxicity is dependent

on water hardness, temperature, dissolved oxygen concentration and the
detergent•s molecular structure.

In the adult fish, the gill is the

major target site of the detergent•s action (Able, 1974).

At sublethal

concentrations, the defects of retardation of growth, inhibition of
chemoreceptor organs and altered feeding behavior in adult fishes is
seen.

Swisher _et

~·

(\

(1964) observed that C14 LAS was more toxic than

c12 LAS to Lepomis macrochirus (Rafinesque), while a degradation product
was much less toxic than either chain length used. Henderson et a l.
(1959) found ABS more toxic to Pimephales promelas in hard water than
in soft water.

Herbert _g!2.!_. (1957) reported that ABS was more toxic

to Salmo gairdneri when dissolved oxygen concentrations were 50% below
saturation levels.

Eisler (1965) found that Fundulus heteroclitus

exposed to high salinities with ABS had a higher 96 hour Lc 50 than at
lower salinities.
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The toxic effects of detergents to embryos have been investigated.

Pickering and Thatcher (1970) observed that the newly-hatched

fry of Pimephales promelas were more susceptible to poisons than at any
other stage.

Able (1974) also concluded that the post-hatching stage

in fish embryos was the most sensitive to teratogen.
Marchetti (1965) proposed that the degree of toxicity of a compound was directly proportional to the water metabolism of the embryo.
As the blastoderm takes up nutrients from the yolk, more water is
absorbed from the environment and toxicity to detergents increases.
The synergistic affects of detergents on insectide's toxicity
has been shown to lower the 96 hour TLCso of Pimephales Qromelas
embryos (Solon et

~.,

1969) by altering the rate of poison uptake.

Anello and Levy (1969) and Gouda (1974) observed the increased uptake
of barbiturate drugs in Carassius auratus embryos exposed to the nonionic surfactant, Polysorbate 80.

Gibaldi and Feldman (1970) showed

that natura 1 and synthetic surfactants increased membrane permeabi 1i ty
to a variety of substances including salicylic acid, insulin, antibiotics and thio-urea.
The action of detergents in embryos have been studied at the
subcellular level with the understanding that its site of action is
dependent on the organism studied (Pickering, 1966).

In the Sea Urchin

embryos subjected to sodium lauryl sulfate there is an increase in
(

embryos showing animalization (Lalier, 1973}.

Lall~-found that

animalization was induced to a greater degree when treatment was administered closer to fertilization.

After 15 minutes postfertilization

treatment with detergent, no anima 1i zati on affects were seen.

La 11 i er
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suggests that at a concentration of 0.006% of detergent, an alteration
of the membrane or remova 1 of surface receptors which are necessary for
differentiation of the entomesoderm is occurring.

Buznikov et al.

{1975), using Sea Urchin embryos, observed that a protective substance
is released by large concentrations of eggs when exposed to a neuropharmacological agent or detergent.

Two factors are released:

one an

An 1-factor which lowers the sensitivity of embryos to neuropharmological
agents, and an An 2-factor which is released when embryos are exposed to
detergents.

After removal of Ca++ from the medium the protective action

against neuropharmacal agents is lost, but not against detergents.
They observed that the An 2-factor was a phosphatidylcholine molecule
which protected the embryo against OP-10,. triton x-100 and digitonin.
Gangliosides in contrast offered protection against neuropharmacological
agents such as antiserotonins, and Aprophen.

The hematosides offered

complete protection against neuropharmacals and monosialogangliosides
showed protective action against detergents.

The damaging effects of

neuropharmacal agents have been shown to inhibit the translation of
necessary maternal messages required for cleavage (13uznikov et
1970).

~~·,

Berdysheva and Markova (1967} suggest that neuropharmacological

drugs and detergent inhibit or damage the nuclear apparatus of the
fertilized egg.

It may be that receptors in the cytoplasm for neuro-

humoral agents and detergents are shuttled to the nucleus where they
may control nucleic acid synthesis.
Anderson and Battle {1967) using chloramphenicol (CAP), a potent
inhibitor of protein synthesis, observed that zebra fish enbryos incubated in this antibiotic prior to gastrulation had gross neural and
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muscular anomalies.

Since this antiobiotic prevents mRNA binding to

ribosomes, it is believed that the observed build up of methyl greenpyronin Y stained structures in the embryo's cytoplasm may represent
aminoacyl-tRNA build up during CAP exposure.
Blough and Ottewill (1966) noted that upon scraping chorioallantoic cells from chicken embryos, there was a release of small fragments
of entodermal cytoplasm surrounded by a cell membrane.

Using these

cytoplasmic particles as an assay system, they found that upon incubation in sodium lauryl sulfate there was a great increase in the negative
charge on the particles• surface, thereby suggesting the immersion of
the hydrophobic alkyl chain into the bilayer.

The major anomalie seen

in these structures was the budding off of smaller particles from the
surface of the primary particle.

They suggest that at the membrane,

the altered permeability may be due to micellar-leaflet transformations
within the membrane caused by the binding of the detergents to the
membrane protein complexes.

This binding then induces the invaginate

of the detergent-protein-membrane complex into the lipid bilayer.
Tanaka (1976) using eggs of Sea Urchins observed the inhibition
of micromere formation in eggs exposed to sodium lauryl sulfate or
digitonin.

The inhibition of micromere formation results from irrevers-

ible damage to the cortical region which plays an important role in
transformation of aster at the rnicromere side.

The resulting embryo

from such treatment have equal sized asters, uncommon in micromere
formation.

Neyfakh and Rott ( 1968) observed that loach embryos i ncu-

bated in either sodium deoxycholate or sodium dodecyl sulphate at
25 ppm for one hour didn't die until the gastrula stage.

The action
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of SDS or DOC is to delay nuclear activity via cytoplasmic structures.
Manner and Muehleman (1976) ·.noted that LAS decreases the uptake of
uridine by the developing embryo.

Jaskoski (1952) observed that deter-

gents at a 5% concentration will prevent cleavage of normal and decoated
Ascaris lumbricoides eggs when incubation proceeded for 24 hours.

How

detergents affect nuclear activity through cytoplasm structures in
unknown.

Whether or not a regulator protein (Britten and Davidson,

1969) or RNA fragment (Kolodny, 1975; Ro-Choi et

~·,

1976) in the cyto-

plasm is altered so as transcription or replication is induced or suppressed has yet to be confirmed.
The action of detergents at the subcellular level have been
shown to have a variety of affects in

~

vitro and

~

vivo systems.

Nethery (1967) noted that root meristems of pea seedlings, when exposed
to anionic surfactants, were inhibitory to cell division and highly
toxic.

Jones et

~·

(1973) using the anionic surfactant SDS found that

it unfolds ribonuclease A.

They believe that the head groups (sulphate

oxygen atoms) are the determining factor in surfactant protein interactions and resulting exposure of the proteins• hydrophobic binding
sites.

The surfactants, SDS and NaDOC have equally been shown to

affect membrane bound neuramindase activity by acting as a non-competitive inhibitor with the normal ganglioside substrate (Tettamanti et
1974).

~·,

Using sarkosyl an anionic detergent Gariglio, Bass and Green

{1974) found a 2 fold increase in polymerase I and II activity in metaphase cells of mice, but no reinitiation after transcription has
occurred.

They hypothesize that the surfactant selectively unmasked

the dONA by removing blocking proteins.
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It is apparent that surfactants act to denature proteins and
disrupt the enzymatic activity of the amino acid complex.

Whether they

disrupt necessary protein entities on the developing embryo's membrane
has to be determined.

Recently, Chaguev, Strogin and Sova (1976)

observed the dramatic appearance of two necessary plasma membrane proteins for proper development in Sea Urchin embryo.

These plasma pro-

teins were easily removed by the detergent Tween 80.
The action of amphiphilic substances on membranes reveals that
the retention of hydrocarbons in phospholipid bilayers should occur by
nonspecific hydrophobic forces.

The disruption of the bilayer by

detergents results in the dispersion of biological lipids in soluble
form with small detergent micelles.

Bangham and Horne (1964) observed

that the disruption of the bilayer with detergents is due to the
integrity of the hydrophilic head groups.

Unbalance, charged head

groups would cause instability and finally emulsification or micellization of the leaflet.
Phenol Technique
The isolation of nuclear RNA and its function as an indicator
of gene activity demand that the isolation procedure prevent degradation, alteration of the molecules, and recovery in high yields.
Nuclear RNA represents a small fraction of the total cell's RNA.
usually 10-15%. When a radioactive precursor is added to a population
of cells, the nuclear RNA becomes rapidly labelled and to a much higher
specific activity than the cytoplasmic RNA (Scheer and Darnell, 1962).
Therefore, since different species of RNA have different half-live, it

61
is apparent that labelling cells for different periods of time will
produce different patterns

of

radioactivity.

The extraction of messenger like RNA or post nuclear RNA was
the ultimate function of the extraction procedure.

It was necessary

to compare the techniques presently used for its isolation.

The main

contaminants of nuclear RNA are proteins, ribosomal RNA, DNA and polysaccharides.

Therefore the appropriate technique should alleviate or

minimize these delerious affect without loss of RNA.
Three techniques are presently used for nuclear RNA extraction:
the hot phenol, the cold phenol and the Solymosy technique.

The bene-

fits of each technique, however, are often reversed by some detrimental
side affects.

The Solymosy technique used di ethyl pyrocarbonate, which

is a potent RNAase inhibitor, instead of phenol (Solymosy, 1971).

How-

ever, it has been shown that DEP treatment results in oxidation of free
nucleotides, bases, and mRNA; however the useful aspects of this technique far outweigh its unpleasant side affects (Weigers and Hilz, 1971).
The phenol procedures used in combination with sodium dodecyl sulfate
has been shown to be an efficient deproteinizing agent and effective
RNAase inhibitor when used at the proper pH.
There are two main methods of extracting nuclear RNA from animal
cells, namely the "cold phenol" extraction (Kirby, 1968) and the "hot
phenol" extraction.
Four different methods of phenol extraction were compared to
determine which gave the best recovery and highest specific activity.
The criteria used to access purity was the resulting solution's
A26o/A280 ratio.

A ratio between· 1.8 - 2.2 is normally used as an
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indication of complete deproteinization.
Recently, the characterization of mRNA as those having Poly-A 3•
ends have offered the advantage of quick isolation of mRNA (Darnell, et
al ., 1971).

Since a majority of the Polyadenylated RNA is synthesized

in the nucleus and ultimately transported to the cytoplasm, the accessment of the runount of Poly-A containing RNA will present a rough estimate of the amount of nuclear RNA isolated.

The technique of Brawerman

(1972) was used to isolate Poly-adenylated messenger RNA.
The technique is dependent on the ability of adenylated RNA s to
1

bind preferentially to nitrocellulose millipore filters at high ionic
strength (Lee, et

~.,

1971).

RNA precipitated with ethanol was diluted

with 20 ml s of 500 mM KCl, l OmM Tri s (pH 7. 6) and lmM mgClz and passed
slowly through a Millipore (HA 0.45 u) nitrocellulose filter at a rate
of approximately 0.5 ml/min.

The Poly-A RNA was then eluted from fil-

ters with an ice-cold solution of 0.5% SDS in O.lM Tris (pH 9.0) for
30 minutes.
The necessary precaution required for optimum performance of RNA
extraction using the phenol technique crnnply to both the hot and cold
phenol extraction procedures.

In order to eliminate RNAase activity,

detergent or a similar i nhi bi tor is necessary.

SDS is one detergent

which quickly i nhi bits RNAase activity and equally offers the advantage
of disrupting nucleoprotein complexes (Marko and Butler, 1951).

DNA

contamination can be removed either by deoxyribonuclease or chemical
extraction at elevated temperatures (Markov and Arion, 1973).

Polysac-

charides also present a problem because of uoP•s carrier function in
polysaccharide fot·mati on.

The extracting of the ethanol precipitate
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with 2M NaCl results in both low

mole~ular

weight RNA and polysacchar-

ides being removed from the RNA solution (Kafiani et

~.,

1969).

The

one important cardinal rule in RNA extraction is to have a volume ratio
of material to extraction buffer of at least 1:20.

Perry et

(1972)

~·

observed that Poly-A RNA extraction requires either high temperature or
alkaline pH's in order to minimize loss in the phenol phase during processing.

They also suggest the use of phenol chloroform as a necessary

prerequisite for complete Poly-A RNA extraction.

Without chloroform

to increase the density of the phenol phase, Poly-A RNA will be lost in
the phenol phase by retention to protein precipitated in the phenol
phase.
Four basic techniques were accessed for their ability to extract
RNA.

The first technique was that of Penman, Vesco and Penman (1968)

which has the unique property of high salt digestion of nucleohistone
complexes with DNAase I.
Georgiev's et

~·

In all other respects it is similar to

(1972) differential heat extraction, except tempera-

tures above 65°C were not used.

The technique of Georgiev's is unique

in that differential extraction of high molecular RNA can be released
from the nucleohistone interphase without DNA by high temperatures
above 60°C.
(1972).

The final technique tested was that of Brawennan et

~·

It employs the extraction of Poly-A mRNA by using both a low

ionic strength buffer, cold phenol and an elevated pH.
The parameters tested were the ability of RNA to bind to millipore filters which gives an indication of the amount of Poly mRNA
extracted.

The purity of the sample is accessed by the A2 60 ;A280 ratio.

The degree of precipitation using etoh alone and etoh-sodium acetate
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followed by 2M NaCl.

For millipore filter processing each extract was

previously precipitated in 2M NaCl.
As is apparent from Table 1, three separate extractions and
reextractions were performed using each of the above four mentioned
techniques.

Ethanol precipitation alone has the problem of coprecipi-

tation of proteins or polysaccharides with the RNA fraction.
seen in the reduced A2 60;A280 ratios.
reduced specific activities observed.

This is

This may also account for the
Of all techniques employed,

Penman and Georgiev's extraction gave the best recoveries.
When RNA was precipitated from solution with ethanol plus
sodium acetate followed by 2M NaCl, comparable low specific activities
are observed.

However much better absorbance ratios are seen and are

most likely due to the selective removal of DNA, nonsecondary coiled
low molecular weight RNA and polysaccharides from the pellet.
case Georgiev's heat extraction gave the best recoveries.

In this

Brawerman's

cold phenol extraction of high specific activity RNA is most likely·
due to the reduced recovery of all the RNA.
in Penman's DNAase treatment.

A similar event is observed

The preferential reduct·ion in RNA recov-

ery in both of these techniques may be due to the selective action of
RNAase contamination.
Finally the RNA processed through the sodium acetate, sodium
chloride precipitation procedures were bound to nitrocellulose millipore
filters.

The selective binding of Poly-A tracts with the RNA gives

therefo1·e an i ndi cation of mRNA recovery.

As observed in Penman's pro-

cedure, reextraction of RNA without Polyvinylsulfate as an RNAase
inhibitor results in greatly reduced RNA levels.

Brawerman's elevated
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pH and cold temperatures led to higher recoveries.

The hot phenol tech-

nique of Georgiev in combination with Penman•s DNAase procedure should
result in no recovery of DNA in the pellet.

The other two techniques,

do however release DNA into the aqueous phase which results in its precipitation in the pellet.

Penman•s procedure alone yields low levels

of RNA probability due to endogeneous RNAase activity in the enzyme
preparation.

The addition of PVS in the Penman, Georgiev technique

seems to eliminate the RNAase activity as shown by the higher total
recovery of both micrograms of RNA and CPM.

Also apparent is the

higher A2 60;A280 ratio seen in the preceding technique. From these
results Penman-Georgiev•s technique was the preferred method of extraction.
The electrophoretic pattern of embryo•s RNA isolated from late
gastrula is observed in Figure 1.

It is apparent that from Figure lA,

which represents total RNA isolated according to Penman•s-Georgiev•s
technique, employing extraction temperatures of 0°C, 40°C, 55°C, 65°C,
85°C, shows a normal RNA pattern.

After a 30 minute pulse with uridine

it is apparent that only high molecular weight RNA is labelled.

In

Figure lA, Penman•s-Georgiev•s extraction was performed using only
temperatures of 55°C, 65°C, and 85°C.

It is noted that a 2:1 ratio is

seen between the ribosomal peaks indicating little RNA degration.
Also observed is the labelling of supposedly high molecular weight preribosomal RNA and the rest am-RNA like fraction.

In Figure lB,

embryos show both a reduced ribosomal peak and incorporation of radioactive label.
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Table 1.

A comparison of extraction techniques.
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CHAPTER III
MATERIALS AND

t~ETHODS

Breeding
Adult fathead minnows in a sex ratio of three males to six
females were placed in a 20 gallon 18 x 24 x 28
11

11

11

long glass aquarium

tank filled with dechlorinated tap water and maintained at 23°

±

l°C.

Each tank's water supply was continually aerated and filtered through
activated charcoal and glass wool.

Breeding conditions were main-

tained by subjecting minnows to a 16 hour photoperiod from a gro-lux
light placed one foot above each tank.

Daily feeding of brine shrimp,

tubilex, basic diet and vegetable condition flakes from Tetramin were
given to the minnows three times daily.

Breeding occurred on inverted

5 inch cut diameter clay or asbestos pipes placed in quantities of
three on the bottom of each tank.

Fertilized eggs were collected from

the underside of the pipe-halves by gentle scraping of the tile with a
spatula or by a gentle circular movement of ones fingers over the eggs,
and then elution from the tile with tank water.

Eggs were then placed

in millipore filtered conditioned tap water containing 100 and 50 iu/ml
respectively of Penicillin and streptomycin sulfate.
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Staging and Incubation
Embryos were incubated in 20 ppm of 11 . 2 LAS for two hours after
which they were washed with mi 11 i pore filtered dech 1ori nated water containing antibodies.

The subsequent embryos for phenol extraction were

incubated in 10 mls 2.5 uci/ml (29 curies/ m mole) for thirty minutes
at 23

±

l°C.

Embryos for pool studies were incubated 2.5 uci/ml for

different lengths of time, after preincubation in 20 ppm of 11 .2 LAS
for 2 hours.

Equally, different concentrations of uridine .75, 1 .25,

2.5, 5, 10, 20 uci/ml were used for pool studies.

After the required

incubation period, embryos were staged according to Manner and Dewese
(1974) and processed after washing 3 times with 2.5 ml of cold 4°C
uridine (0.1 mg/ml).
Nuclei Isolation
Nuclei were extracted according to the method of Kafiani,
Akhalkatsi and Gasaryan (1973).
(1)

Embryos homogenized in 2 mls 4°C 0.32 Msucrose solution containing,
1.0 mM potassium phosphate {pH 7.2)
2.0 mM MgC1 2
0.1% (v/v) Tween 80
Homogenization was performed in a lOml Potter Elvejhem tissue
grinder with 10 vertical strokes of the pestal.

(2)

Centrifuge homogenate for 10 minutes at 500 xg.

(3)

Nuclei resuspended in above solution with vortex shaking.
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Centrifuge 10 minutes, 4°C at 500 xg.
Steps 3 to 4 were repeated three times more in above solution
containing 1 mM MgCl2 instead of 2 mM.
(6)

Nuclei were finally suspended in Step 5 solution minus 0.1% Tween.

(7)

The quality of nuclei were examined by Light microscopy (Figures
2A and 2B).
Phenol Extraction
The hot phenol method of RNA extraction according to Penman

(1966) and Georgiev (1972) with modification was used.
(1)

Embryos or nuclei are suspended and homogenized in 2 mls of high
(0.5M NaCl, 0.05M MgC1 2 , O.OlM Tris-HCl
pH 7.4), and 25 ug/ml of Polyvinylsulfate).
salt buffer solution A:

(2)

To the above suspension at room temperature is added 0.1 ml of
DNAase I solution (lOOug; Sigma) containing 40ug/ml of purified
bentonite.

The solution is incubated 2-5 minutes or until no ·

visible clumps remain.
(3)

After the required time, the solution is made 0.5% with SDS and
O.lM with EDTA.

(4)

Preheated 55°C redistilled phenol mixture {Phenol: distilled
deionized H20: 8-hydroxyquinoline; m-cresol; 50:10:0.05 grs:
7:v/v/w/v) is added with vortex shaking for 3 minutes.

Then an

equal volume of Sevag's solution (chloroform: isoamyl alcohol,
24:1) is added and heated at 55°C for another 2 minutes, with
intennittent shaking.
(5) The mixture is then centrifuged at 4°C for 10 minutes at 8000 g's.
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(6)

The supernatant is decanted off and suspended in 0.2M sodium
acetate in 95% Etoh.

The phenol, chloroform layers are discarded

and the flocculent interphase is resuspended in 2 ml of solution
B (0.14M NaCl, 12mM MgC1 2 , lmM EDTA, 0.1% SDS and O.OlM Tris-HCl
pH 8.5).
(7)

To the above solution 2mls of 65°C preheated phenol is added with
shaking for 2 minutes.

Two mls of Sevag•s solution is added and

the mixture reheated to 65°C for 2 minutes.
(8)

The mixture is centrifuged at 4°C 800g for 10 minutes.

The super-

natant is saved and chloroform phenol is discarded.
(9)

The resulting interphase is resuspended in solution B and an equal
volume of preheated 85°C phenol mixture is added with shaking for
2 minutes.

Then 2 ml of Sevag•s solution is added and the mixture

is heated for 3 minutes at 85°C.
(10)

Centrifuged 4°C 10 minutes at 8000xg.

Phenol chloroform layers

discarded, supernatant saved.
(11)

If a flocculent interphase remains it is resuspended in 2mls of
solution B and extracted repeatedly until a thin layer of SDS
remains.

(12)

The supernatants are pooled and diluted with 2 volumes of 0.2M
Sodium Acetate in 95% etoh.

(13)

RNA is precipitated overnight at -20°C, then centrifuged at
48,00Qg•s for 20 minutes.

The pellet was then suspended in dis-

tilled water.
(14)

The pellet was then dissolved in 4mls of 2M NaCl and precipitated
overnight at -20°C.

Then centrifuged at 48,000g•s for 30 minutes.
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(15)

The resulting pellet was suspended in lml of O.OlMNaCl - lmMEDTA
and read spectrophotometrically at 260 mu in a Beckman DGTB
spectrophotometer.

lml aliquots were then diluted in 20 mls of

counting cocktail 3A70B from Research Products International,
Elk Grove Villege, Il.

This technique resulted in a 86% recovery

of RNA.
A260

7

(4.86 x lo- 2a) 0.5cm = ugRNA

Cpm/lml x %efficiency

= total dpm

The resulting RNA pellet had a A260 ;A2 8o ratio between 1.8- 2.2
Precursor Pool Studies
The procedure used was that of Roeder and Rutter (1970) with the
following modifications.
(1)

Embryos incubated in tritiated uridine containing antibiotics at
the required time were washed 3 times with 25 mls of cold uridine
(0.1 mg/ml) at 4°C.

(2)

Embryos were counted and then immediately processed.

(3)

Embryos were extensively homogenized in 5 mls of 0.5NPCA (perchloric

(4)

acid) with a dounce tissue grinder.

0.1 ml was used for total up-

take.

embryos= dpm/embryo

O.lml x 50 x%

efficiency~-#

Centrifuge lO,OOOg for 5 minutes at 4°C and the supernatant saved.
The pellet is then resuspended in 2 ml of 0.2MPCA and
combined.

supernatant~

This is the acid-soluble fraction (nucleotides and

mucleosides) which is processed according to flow sheet A.

The

pellet or acid insoluble contains protein, RNA, DNA and is further
processed according to flow sheet B.
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Flow

Sheet~

{1)

The supernatants were combined and filtered through an Amicon

(Acid-Soluble)

DP045 (0.45 u pore size) filter, then neutralized with .48 ml
of 6NKOH.

After 1 hour the 0.1 ml of supernatant counted in

20 mls of 3a70B counting

cocktail~

0.1 ml cpm x 73.8 x 1.015 x%
(2)

efficiency~

no# embryos = dpm/Embryo

The resulting supernatant was then passed through a 1 x 40 ern
column of Sephadex G-50 (medium bead form) equilibrated with 0.01
MTris-HCl (pH 7.0).

Fifteen milliliters of eluent containing 80-

90% of the radi oacti vi ty was concentrated to 3 ml s with a UM-2
membrane from Amicon.
(3)

The sample was then dryed to completeness by Lypholization.

The

powder was then suspended in 50 ul of O.lN NH40H in 50% etoh and
spotted on PEI cellulose, according to flow sheet C.
Flow

Sheet~

(1)

The pellet was suspended in 2mls 5% PCA and centrifuged for 10

(Acid Insoluble Pellet)

minutes at 1000 g's, 4°C.
(2)

Step (1) repeated twice.

(3)

Pellet suspended twice in 10% K0AC in 95% ethanol then centrifu9ed
at 1000 g's for 10 minutes at 4°C.

(4)

The resulting pellet was hydrolyzed in 1 ml of 0.3 NKOH for 24
hours at 37°, capped with parafilm.

(5)

0.5 ml of supernatant withdrawn and RNA concentration determined
by

(6)

the Orcinol reaction of I-San Lin and Schjeide (1969).

0.5 ml was then neutralized with 0.025 ml of 6NPCA, cooled and

",
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KC10 4 centrifuged out.
0.1 cpm x 5.25 x 2.2029 x% efficiency= dpm RNA; embryo
A550 -;- (O.Ol139a) x 1.3 em x 1.014 x 2 = ug RNA

-;- embryo

dpm
ug RNA = dpm RNA/ugRNA/Embryo
(7)

O.lml of the remaining hydorlysate was spotted on PET-cellulose,
and nucleoside monophosphates separated according to the technique
of Randerath and Randerath (1965).

(8)

See Flow sheet D.

The remaining pellet was then washed twice with cold 0.2MPCA then
extracted twice with 0.25ml of 0.5NPCA at 70°C for 20 minutes.
0.1 ml was counted and 0.4 ml was used to determine DNA concentration according to the Diphenylamine test of Burton (1956).
0.1 cpm x 5 x 1.014 x %efficiency
~

#no. embryos

Dpm/embryo

80 -;- (0.0029a) x 1.3 em x 1.014 .- #no. embryos = ug DNA/embryo

Flow Sheet .f (Triphosphate determination)
(1)

25 ul samples of the acid-soluble nucleotides were spotted on PElcellulose.

(2)

The spot diameter never exceeded 3nun.

After the spots have dried, the entire plate was immersed in
absolute methanol to remove salts.

(3)

The PEl-cellulose plates were then developed in 0.85M KH2P0 4 (pH
3.4), 10 em above the spot origin according to the technique of
Cashel, Lazzarini and Kalbacher (1969).

(4)

Spots were then eluted from the plate with 0.5ml of 0.7MgC1 2 2.0M Tris pH 7.4. Transmission was read at 262nM in a DG-BT
Beckman Spectrophotometer in the Span switch position.
0.5 + (O.OlOlc,) x 0.5 em x 2.03 = uM UTP/no# EMBRYOS = pMoles UTP/
embryo
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{5)

3a70B cocktail was added and dpm.determined by the internal
standard method.
0.5 x 2.03 x% efficiency -.no# embryos = dpm/embryo

pM UTP

= dpm/pMole UTP/Embryo
Flow Sheet Q (PEl-Cellulose Thin Layer Chromatography)
(1)

Before samples are applied, the plates are washed to remove
impurities by immersion of the plate in 10% NaCl for 5 minutes,
then dried for 3 hours.

{2)

It is then soaked in distilled H2o for 5 minutes, then given an
ascending wash with dH 2o. A paper wick is attached to the top of
the paper to collect impurities.

{3)

After drying at room temperature, the plates are wrapped in
aluminum foil and stored at -20°C until use.

(4)

For RNA hydrolyzates 100 ul were spotted 2 em from the bottom of
the plate in 10 ul sample with intennediate drying and methanol
unimersion to remove salts.

(5)

After spotting plates were developed in l.ONCH 3COOH up to 4cm
above the starting line, followed by 0.3MLiCl up to 10 em above
the starting line.

(6)

The canponents migrate from the bottom in the order of 2 1
monophosphates GMP

{7)

The 2 1

-

UMP

3 AMP
1

2 AMP
1

-

31

CMP.

3 1 UMP spot was located under 254nm ultraviolet light

cut out and placed in a test tube.

0.5ml of 0.7MMgC1 2 - 2.0M
Tris - HC1 2 pH 7.4 (lOO:lv/v) is slowly added to the test tube.
After extraction time 1 hour at room temperature, the supernatant
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is transferred to a 3 ml centrifuge tube and centrifuged at 5000 g
for 10 minutes.
(8)

·.

The supernatant was then added to a 0.5 ml cuvette and transmission
read on a DG-BT Beckman Spectrophotometer.

The optical density was

then converted to p moles by comparison to 2'3'
0.7M MgC1 2 - 2.0M Tris-HCl {pH 7.4).
0.5 ml ~ (.OlOla) x 0.5 x 10.14 = uM UMP
(9)

~no#

UMP made up in

embryos= uMoles/
Embryo

3a70B cocktail was then added and the total dpm determined.
0.5 cpm x 10.14 x % efficiency .;. no# embryos = dpm/embryo
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Figure 1.

RNA isolated according to Hot Phenol, DNase technique.
Absorbance on left, dpms on the right. Embryos incubated
in 2.5uci/ml of 3H-Uridine for 30 minutes. Same amount
of A260 units applied to gels for LAS and Nonnal gels.
RNA composition determined on 2.0% acrylamide-0.5%
Agarose gels. Run at 5mA per tube.
Mid-Blastula RNA 5.5 hrs.
1a. Norma 1 embryos
lb. LAS embryos
Head Formation 18 hrs.
lc. Normal embryos
1d . LAS embryos
13 Somi tes
le. Normal embryos
1f. LAS embryos
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Figure 2a, 2b.

Nuclei isolated from early gastrula embryos 12 hours.
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Figure 2a.
2b.

Nuclei isolated from. embryos at early gastrula.
Magnification 800x
Nuclei from early gastrula 300x
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Figure 3.

Representation of where tritiated uridine enters the
precursor pool and how it is processed.
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Figure 4.

The de novo pathway of pyrimidine synthesis and conversion.
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Figure 5.

High polymer RNA isolated from embryos at different
stages of development.
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Figure 6.

RNA isolated from entire embryos.
pattern for the period studied.
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Figure 7.

Incorporation pattern of Blastula stage (5.5) embryos
incubated with 2.5uci/ml for varying lengths of time.
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Figure 8.

3H-Uridine incorporation into UTP and 2'3'UMP from
blastula stage embryos.
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Figure 9.

Incorporation pattern of blastula stage embryos
incubated with varying amounts of 3H-Uridine.
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Figure 10.

Incorporation of 3H-Uridine into UTP and 2'3' UMP
from blastula stage embryos incubated for 30 minutes
with different concentration of label.
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Figure 11.

Incorporation pattern of Gastrula (12 hours) embryos
incubated for varying lengths of time with 2.5uci/ml
of 3H-Uridine.
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Figure 12.

3H-Uridine in UTP and UMP from Gastrula stage embryos.
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Figure 13.

Comparison of label in nucleic acids of Blastula stage
and Gastrula stage embryos.
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Table 2.

RNA from Normal and LAS treated Eggs
isolated by the Phenol technique

Hours

1.5
2.0
2.5
3.0
4.0
4.5
5.0
5.5
6.0
7.0
8.0
10.0
12.0
14.0
17.0
20.0
24.0
33.0
37.0

Stage

2 cells
4 cells
8 cells
16 ce 11 s
32 cells
64 cells
Blastula
Blastula
Blastula
Gastrula
Gastrula
Gastrula
Gastrula
Gastrula
Neurula
Head
5 Somites
13 Somi tes
20 Somites

NUCLEI
dpm/ug
NORMAL

60
109
203
634
2309
4858
2078
20
245
367
679
1151
1458
2556
1338
472
183
852

±
±
±
±
±
±
±
±
±
±

17
12
80
25
52
173
230
12
98
75

±

225
55
244
125
9
28
204

±
±
:t
±
±
±

RNA/embryo
LAS

30
97
381
600
3070
22
25
39
298
413
747
433
1461
351
30
503

±
±
±
±
±
±
±
±
±
±
±
±

±
±
±

UPTAKE
dpm/embryo

WHOLE
dpm/ug RNA/embryo
NORMAL
LAS
335 ± 34
287 ± 9
142 ± 23
4
127 ± 37
3
446 ± 23
21
519
803 ± 40
33
972 3264 ± 93
12 ± 4
4
292 ± 103
3
296 ± 47
16
499
738 ± 142
79
115 999 ± 65
115 1435 ± 185
225 1120 ± 84
341 ± 29
43
21
206
68 1146 ± 26

212
86
108
469
1904
18
29
43
90
332
430
608
1002
224
43
947

LAS

NOR~1AL

±
±

14
24

±
±
±
±
±

38
316
1
8
25

±
±
±
±
±

44
34
29
34
12

±

198

7712
7619
7894
8198
7982
8103
10891
8073
8366
7670
7876
6749
6837
6824
6800
5692

±
±

124
158

±
±

235
183

±
±

143
465

±

738

±

473

±

570

7559
7315
7316
6916
4908
7216
8195
6848
7563
6609
6487
3669
5481
6571
2786
3977

±
±

78
26

±
±

553
552

±
±

943
532

±

384

±

488

±

64

__,
0
1.0

110

'•

Table 3.

Pool studies of embryos at 5.5 hours (Blastula stage)
incubated for varying times with 2.5uci/ml of 3H-Uridine.

111
UPTAKE

POOL

NORMAL

LAS

NORMAL

d~m/Embr~o

LAS

d~mLEmbr~o

5 mins

2793 + 449

21G4 + 265

2330 + 560

1768 + 205

10 mins

6468 + 3113

3381 + 242

4496 + 1528

3108 + 222

20 mins

6562 + 786

5183 + 51

5622 + 612

4512 + 251

30 mins

8289 + 467

4913 + 504

7108 + 291

4251 + 646

40 mins

9101 + 455

7788 + 544

5148 + 214

60 mins

8843 + 219

7097 + 1466

7153 + 280

5303 + 629

120 mi ns

10717 + 611

8192 + 129

8134 + 200

6498 + 146

180 mi ns

11942 + 453

8950 + 686

8978 + 344

7265 + 369

RNA

RNA

NORMAL

LAS

NORMAL
Speci f·i c

ug

d[:!m/Embr~o

Activit~

1.57

±

.07

91 + 1

184 + 8

1.40

±

.28

172 + 12

564 + 141

287 + 34

1 .40

±

.30

400 + 41

30 mins

720 + 111

327 + 169

1. 58

±

.09

454 + 53

40 mi ns

855 + 25

466 + 30

1 . 70

~t

.03

518 + 6

60 rnins

932 + 36

330 + 33

1 .62 ± .09

575 + 1

120 mins

971 + 49

755 + 57

1. 59 ± .09

637 + 12

180 mins

1135 + 101

751 + 39

1.52

745 + 47

5 mins

143 + 3

10 mins

238 + 17

20 mins

90 + 20

±

.06

RNA
LAS

1 .30

NORMAL

LAS

Specific

ug
5 min

112

DNA

Activit~

dem/Embr~o

69 + 4

122 + 47

103 + 12

10 min

1.64 ± .02 112+6

200 + 86

122 + 14

20 min

1. 70 ± .02

205 + 3

207 + 62

227 + 26

259 + 36

311 + 15

253 + 22

:!_

.30

30 min
40 min

1.67 ± .03

279 + 15

353 + 111

293 + 6

60 min

1. 33 ± .28

249 + 13

600 + 32

504 + 19

120 min

1 .67 ± .01

452 + 31

845 + 34

838 + 125

180 min

1 .60 ± .05

470 + 14

1177 + 186

977 + 56

UTP

NORMAL

UTP

LAS

NORMAL
Specific

dem/Embryo

pMo1es

Activit~

5 mins. 1890 + 462

1487 + 72

695 + 21

2.7 + .4

10 mins. 3298 + 1725

2315 + 211

642 + 112

5.0 + 1.3

20 mins. 4112 + 870

3350 + 382

703 + 28

5.9 + .6

30 mins. 5109 + 6

3121 + 641

692 + 16

7.4 + . 1

40 mins. 5805 + 639

4371 + 475

707 + 47

8.3 + .3

60 mins. 5433 + 199

4094 + 502 683 + 11

8.0 + .2

120 mi ns. 5579 + 595

4444 + 96

7.9 + .2

180 mins. 5696 + 118

5017 + 463 685 + 26

714 + 57

8.3 +

.1

UTP
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DNA
LAS

NORMAL
Specific

LAS

Specific

Specific

~Moles

Activit~

ng

5 mins.

671 + 15

2.2 + 1

72+ 1

1. 53

±

.24

64

_1:

10 mins.

655 + 17

3.5 + . 1

70 ± 5

2.86

±

l. 46

62

;t~

20 mins.

674 + 20

5.0 + 15

63 ± 3

3.24

±

.83 61 ± 3 3.74

30 mins.

655 + 33

4. 7 + . 5

62

±

4

5.02

±

.01

40 mins.

702 + 16

6.2 + .4

70

±

9

4.96 + 1.13 58

60 mins.

680 + 10

6.0 + .5

66

±

2

9.09 + 7.07 69 ± 2 7.37 + 00

120 mins.

711 + 30

6.3 + . 1

61

±

1 13.86 + .33 64 ± 2 13.04

:!:

.22

180 mins.

749 + 21

6.7 + 3

58

±

5 20.00 ± 2.80 63

±

.20

0

0

Activit~

ng

Activit~

2 1. 60

±

. 18

1. 97 ± .50
i

.28

63 ± 2 4.04 + .26
4 4.10 + .20

±

4 15.62

±

UMP

UMP
NORMAL

LAS

NORMAL
Specific
Activity
pMoles

dpm/Embryo

Specific
Activity

. 13 ± 1

859 + 54

. 13 + .05

847 ± 22

. 15 + . 3

108

±

26

111

10 mins.

175

±

16

131 ± 39 885 ± 22

.20

20 mins.

629 ±331

230 ± 47 867

.71 + .221 867

l-

76

.24 + .02

30 mins.

601 ±110

336 ± 103 863 ± 9

.70 + . 1

853

±

69

.39 + . 1

40 mins.

775 ±30

425 ± 40 853

l:

27

.91 + . 1

861

:t

25

.50 + .3

60 mins.

827 ±37

342 ±

2 885

±

25

.94 + . 15 853

120 mins.

959 ±38

644 ± 94 910 ± 4 1.05 + 03 911

±

40

.70 + . 1

180 mins.

1100 ±43

902

±

55

.78

702

±

41

917

±

±

±

37

pMo1es

5 mins.

±

67 857

LAS

79

0

±

.1

6 1.20 + 01

. 41 + • 1
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Table 4.

Pool data for blastula stage embryos incubated with
different concentrations of 3H-Uridine for 30 minutes.

3H-Uridine
Concentration

UPTAKE
dpm/embryo
Normal
LAS

POOL
dpm/embryo
Normal
LAS

RNA
Normal
dpm/embryo

ug RNA

Specific
Activity

. 75uci /m1

3178

1255

2269

840

1790

1.50

1191

1. 25uci /ml

4646

3646

4077

2114

1650

1.14

1450

2. 50uci/ml

9698

4590

6492

3850

3390

1.52

2230

5.0 uci/ml

14830

10801

8810

6607

2944

1.47

2003

10

uci/m1

21150

16040

18204

13174

2978

1. 56

1909

20

uci/ml

41354

25164

36733

17533

3206

1.48

2166

RNA
LAS
dpm/embryo

ug RNA

Specific
Activity

DNA
Normal
dpm/embryo

ng DNA

Specific
Activity ·

.75uci/ml

1290

1. 33

970

77

5.4

14

1. 25uci /ml

1600

1.46

1096

62

5.6

11

2.50uci/ml

1680

1.36

1235

73

5.0

15

5.0 uci/ml

1610

1.28

1258

65

5.3

12

10.0 uci/ml

1740

1. 38

1260

79

5.6

14

20.0 uci/ml

1760

1.45

1214

46

4.5

10

__,

_..

()"'

3H-Uridine
Concentration

DNA
LAS
dpm/embryo

ng

DNA

S.A.

UTP
Normal
dpm

pMo1es

S.A.

UTP
LAS
dpm

pM

S .A.

•75uci /m1

30

5.0

6

1506

558

2.7

985

563

1.7

1.25uci/ml

37

4.3

9

2516

456

5.5 1305

534

2.5

2.5 uci/m1

32

5.0

6

4358

450

10.0 2486

468

5.3

5.0 uci/m1

35

4.6

8

4557

521

8.8 3733

516

7.2

10.0 uci/m1

24

4.3

6

5528

553

10.0 3999

568

7.0

20.0 uci/m1

39

5.2

8

5768

566

10.2 4567

542

8.5

UMP
Normal
dpm

U~1P

pMole

S.A.

LAS
dpm

pMoles

S.A.

.75uci/m1

1433

724

2.0

1032

658

1.6

1.25uci/m1

1452

635

2.3

1402

802

1.8

2.5 uci/ml

2712

796

3.4

1428

750

1.9

5.0 uci/m1

2708

804

3.4

1530

706

2.2

10.0 uci/m1

2680

806

3.3

1670

755

2.2

20.0 uci/m1

2821

813

3.5

1689

796

2.1
__,
__,
0'\
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Table 5.

Gastrula stage embryos incubated with 2.5 uci/ml of
3H-Uridine for varying lengths of time. Embryos
are 12 hours old when removed from incubation med1um.
Embryos given a two hour pulse with LAS.
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UPTAKE
dpm/embryo

t~i nu tes

POOL
dpm/embryo
Normal
LAS

Normal

LAS

10

4846 ± 239

2755 ± 301

3461

±

754

877

20

6854 ± 1398

4966

4391

±

866

30

8428 ± 2402

6052 ± 182

40

10045 ± 568

60

11745

±

120

17049

180

19692

i

203

2420

J:

545

6112 ± 2594

3191

±

984

9509 ± 925

6508

±

242

5115

±

1499

2131

8203 ± 1762

7663

±

1808

4467

±

1376

±

2488

9896

±

867

10116

±

1633

6735

±

1178

±

3219

12037

±

2034

12596

±

3072

8311

±

1290

±

746

RNA
ug
Normal

RNA
dpm/embryo

Minutes

Specific
Activity
Normal

Nonnal

LAS

10

1524 ± 206

1142 ± 265

1 .40

i

. 17

1033

±

66

20

1721

±

545

1646 ± 309

1. 35

±

. 15

1283

_I_

143

30

2333

±

284

1899 ± 180

1.41

±

. 14

1657

i.

89

40

2762

±

494

2251

±

448

1. 32

±

.11

2084

i

195

60

3113 ± 244

2654

±

415

1.48

:1:

. 15

2102

I

98

120

4612

3530

±

1548

1. 51

~:

.76

3161

l:

178

180

6563 ± 1166

3349 ± 994

1.46

:1:

.13

4520 ± 596

±

1412
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Specific
Activity
LAS

RNA
ug
LAS

Minutes

UTP
( dpm/embryo)
Nonna1
LAS

10

1 .42

±

.28

800

±

24

2614

±

418

927

±

328

20

1 .35

±

.22

1219

±

100

3124

±

438

1967

±

189

30

1. 41

±

.06

1180

±

611

4295

±

904

2652

±

895

40

1.43

±

. 15

1572

±

150

4911

±

272

3814

±

308

60

1 .49

±

.08

1777

±

218

5614

±

1148

3924

±

1299

120

1 .35

±

.08

1800

±

252

5883

±

747

4843

±

195

180

1. 26

±

.26

2294

±

553

5142

±

443

4910

±

653

UTP
Minutes

pMoles
Normal

Specific
Activity
Normal

UTP
pMol es
LAS

Specific
Activity
LAS

10

504

±

37

5.3

±

.50

461

±

29

2.04

±

.84

20

453

±

64

6.9

±

.70

454

±

43

4.34

_t

.20

30

431

±

22

9.8

±

.19

469

±

41

5.60 .1.. 1. 91

40

486

:t

21

10.1

±

.10

514

±

11

7.43

:1:

.45

60

536

±

32

10.5

±

1.80

477 ± 51

8.97

.t

1.95

120

556

_t

15

10.6

±

1.60

543

±

36

8.96

:1.

5.43

180

525

_t

62

9.8

±

.36

553

±

32

8.90 ± 1.47

120

Minutes

DNA
( dpm/ embryo)
LAS
Normal

DNA
ng
Normal

Specific
Activity
Normal

38 ± 24

3.40 ± .2

DNA
ng
LAS

Specific
Activity
LAS

10

18 ± 12

0

20

81 ± 17

8 ± 2 51 ± ·11

30

182 ± 42

35

± 10

40

249 ± 65

52

± 8 57 ± 8

4.20 ± .54 58 ± 2 1.00

60

257 ± 148 95

± 39

54 ± 2

4.75 ± 1.45 66 ± 3 1.50 ± . 14
7.70 ± .54 57 ± 10

53 ± 5

1 .50

±

0

0

. 19 63

2.50 ± .29

65

0.13
±

10 0.50 ± .02
±

.1 0

120

448 ± 80

134 ± 60

58 ± 7

180

708 ± 101

230 ± 37

51 ± 4 13.70 ± 3. 34 58 ± 8 4.00 ± .48

Minutes

UMP
( dpm/ embryo)
Normal
LAS

UMP
pMo1es
Normal

10

1358

20

1629 ± 305 1461 ±309 865

30

2345 ± 305 1585

40

2780

60

2809 ± 214 2245 ±327 833 ± 27

120

3583

180

4575 ± 470 2773 ±601 860 ± 23

±

±

±

135 1151 ±128 860 ± 14

::1~193

.t

7

814 ± 10

186 2031 ±229'845 ± 16

19 2380 ±730 847 ± 23

Specific
Activity

UMP
pMoles
LAS

2. 30 ± .30

Specific
Activity

1. 57 ± . 15 864 ± 23

1.34

±

. 17

1. 92 ± .28 863

12

1.69

~

.37

2.88 ± .38 815 ± 24

1.94

J:

. 21

9 2.39

:t

.24

2.80

~

. 31

17

2.85

I

.64

5.33 ± .67 835 ± 42

3.28

!.

.56

3.30 ± .35 850
3/4

±

.t

.t

. 15 864 ± 28

4.20 ± .09 818

_!:

··.

CHAPTER IV
DISCUSS ION
The results from these experiments show that LAS both

,~educes

the incorporation of uridine into the acid-soluble pool, RNA, and DNA;
also implicated is the reduced synthesis of RNA in LAS treated embryos.
These results are obtained from the analysis of the precursor pool,
incorporation of label into RNA, the pattern of RNA synthesis throughout development, and the electrophoretic pattern of RNA isolated from
LAS treated embryos.
The measurement of uridine incorporation into RNA analyzed during early development shows two peaks of uridine incorporation.

One

peak of activity at 5.0 hours or mid-blastula is observed, while a
second longer duration of RNA synthesis is observed at 17 hours, neurulation.

(Figure 5.)

The RNA isolated by the phenol technique shows

the preferential isolation of high-polymer RNA.

In Figure 1, it is

observed that with a thirty minute pulse no ribosomal species are
labelled.

The presumptive 38s pre-ribosomal (Melnikova et

~·,

1972)

RNA is labelled, but neither the 27s nor 18s rRNA seems to be labelled.
(Figure la, b, c, d.)

Also apparent from Figure 1 is the heterodisperse

labelling of RNA which seems to be MRNA.
RNA isolated from either entire embryos or nuclei show similar
RNA patterns, except at the preblastula stage, throughout the time
12-1
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period studied.

No great amount of nuclear RNA is being synthesized

prior to the blastula stage, but the whole embryo in contrast, shows
an increased period of RNA synthesis prior to the third hour of development (Table 2).

The high specific activity observed at these early

cleavage stages must therefore be due to the production of RNA on cytoplasmic templates.
~·

Similar results were observed by both Donstova et

(1970) in trout embryos and Kafiani et

~·

(1969) and Timofeeva

(1967) in the loach and Sturgeon embryos respectively.

Whether this

decrease is due to the proportional decrease in cytoplasmic templates,
either mitochondrial or yolk associated DNA, during cleavage has yet to
be determined.

The slight incorporation into nuclear RNA at these

stages prior to 3 hours may be the synthesis of low molecular weight
5-7s RNA, which is believed to be a precursor to tRNA in the loach
embryo (Solov'eva and Timofeeva, 1973).
From Figure 6 it is observed that the uptake of label throughout development in embryos pulsed for thirty minutes with 2.5 uci/ml
of 3H-Uridine is at a steady state.

Therefore, the period analyzed

shows that no preferential alteration of the embryo's membrane to
uridine is observed throughout the period analyzed.
The analysis of the precursor pools in embryos incubated with
2.5 uci/ml of 3u-Uridine for varying lengths of time shows that the
uptake, the acid-soluble pool, and both RNA and DNA are continually
incorporating 3H-Uridine (Figure 7).

From this figure and Table 3,

it is apparent that label is incorporated in DNA in a linear relationship over the 120 minutes of incubation, while uridine incorporation
into RNA increased slowly after 40 minutes of labeling.

Since CTP can
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be labelled through CTP synthetase activity and incorporated into RNA
it was necessary to measure the amount of hydrolyzed pellet 2 3 UMP in
1

the RNA.

1

As seen in Figure 8, RNA labelled with uridine and also the

precursor UTP pool seems to be saturated.

Therefore the pattern of RNA

synthesis observed in Figures 5 and 6 are true representations of
synthesis, because both UTP and uridine incorporation into RNA are at
steady state conditions.

In other words the amount of label entering

the UTP pool and leaving it is in equilibrium.

The slight decrease in

UTP specific activity after 60 minutes and the contrasting uridine into
2 1 3 1 UMP may be due to the expenditure of exogenous label for UTP and

the reduced degradation of RNA at the blastula stage.

Using different

concentrations of uridine, embryos at 5.0 hrs. of development were
incubated for thirty minutes (Figure 9).

If enough 3H-uridine is around

to sufficiently label the RNA molecule then saturat·ion of radioactivity
in RNA wi 11 not increase when the concentration is increased.

From

Figure 9, one observes that the amount of radioactivity in RNA does·
not increase with higher 3H-uridine concentrations.

Since the amount

of RNA labelled does not increase with higher concentrations of precursor, we can conclude that saturation of the embryo s RNA synthesis
1

machinery at 2.5 ci/ml incubated for 30 minutes has occurred.

In

Figure 10 it is observed that both steady state conditions for the UTP
pool and also the amount of labelled 2 1 3 1 UMP does not increase, indi-.
eating again steady state conditions.
At late gastrula (12 hrs) embryos incubated for varying lengths
of time in 2.5 uci/ml of uridine show reduced uptake of labelled
uridine.

Also apparent is the greater radioactivity in the pools as
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compared to that found in the nucleic acids.

In Figure 12, it is noted

that reduced specific activity is both seen in the UTP and 2'3' UMP
molecules.

From Figure 13 one observes that both Blastula RNA and DNA

incorporate a greater amount of label, in comparison, to the amount
seen in gastrula RNA or DNA.

A similar observation of reduced RNA

synthesis is observed in Figures 5 and 6.
Using the above mentioned techniques, the effects of LAS on the
embryos \'/ere measured.

For LAS treated enbryos the incorporation of

tritiated uridine into RNA (Figures 5 and 6) seems to be both delayed
and reduced to a slight degree at peak periods of incorporation.

When

one plots dpms ug RNA alone a greater reduction of dpms and ug RNA in
LAS treated embryos is seen in comparison to untreated embryos.
Figure 6, this observation becomes more dramatic.

From

As seen both a

reduced absorbance pattern for 95 embryos is observed.
the apparent reduced radioactivity incorporated in RNA.

Also seen is
Comparison of

the electropheretic patterns between normal and LAS embryo reveal a
reduced incorporation of label into RNA for some peaks and an increased
incorporation into others (Fig. la, b, c, d, e, f).

In Figure 6, a

reduced uptake of uridine is observed, with a paralleling reduction and
delay of incorporation into RNA.

Very prominent in both Figures 5 and

6 is the delay of uridine incorporation into the two peaks, at blastula
and neurulation.

The observed s 1i ght reduction in label may therefore

be erroneous when looking at specific activity, since if a reduced
amount of label and ug of RNA is observed, the resulting specific
activity will be reduced to a less degree.

The possible reduced incor-

poration may be due to altered permeability of the membrane,
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phosphorylation, or transcription itself.

The analysis of different

fractions by calculating the amount of radioactivity may offer some
answers towards this end.

At blastula, it is observed that the total

uptake of 3H-uridine by LAS treated embryo shows a reduction.

The

precursor also shows a reduction which therefore results in a reduced
incorporation into the nucleic acids (Figure 7).

It is also observed

that the UTP pool is equally reduced and the amount of label in 2'3'
UMP never reaches the quantity incorporated into normal embryo's RNA
(Figure 8}.
In Figure 9 it is seen that 3H-uridine incorporated into RNA
reaches a steady state level, which is suggestive of saturation of the
UTP pool (Figure 10).

The contrasting result in DNA for embryos incu-

bated with LAS may be due to the shuttle of label to the process of
replication.

This may be due to the greater requirement of embryos

for replication and differentiation as suggested by Dawid (1965).

In

Figure 10 it is apparent that the UTP pool, although saturated, never
reaches the same specific activity seen in normal embryos.
At the gastrula stage, pool analysis also show reduced incorporation into RNA, DNA and the acid soluble pool.

Again this reduction

seems to be due to the reduced penneabi 1i ty of the embryo to uri dine.
As seen in Figure 12, a corresponding decrease in both the specific
activity of UTP and 2'3' UMP is observed.

A comparison of RNA and DNA

labelling in Figure 13 shows that LAS treated embryos show a similar
but reduced pattern as do untreated embryos.

It can be suggested that

LAS therefore does not cause a gross alteration in the mechanism of
development.
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It is apparent that LAS treated embryos show a reduced amount of
uptake of 3H-uridine which results in the reduced amount of label
available for nucleic acid synthesis.

In Figure 6, it is seen that

reduced incorporation into RNA can possibly be due to an increased
RNAase activity, degradation rate of RNA, or reduced uptake of label.
It would seem that if RNAase were activated, then an increase in the
UTP pool would be expected.

Since this is not the case it can be sug-

gested that there is possibly a reduced rate of RNA synthesis with a
reduction in label uptake.

It can be suggested that LAS effects both

the uptake and RNA synthesis rate in developing embryos.
Further research studying the effects of LAS on embryos would
require the analysis of both its effects on membranes and subcellular
components.

Another interesting proposed site of action would be the

RNA polymerase enzyme.
The possibility that LAS may activate endogenous RNAases may be
possible.

However, if this were so, one would expect an increased

production of shorter length RNA molecules (Figures la, lb).

As seen

in Figures lc and ld the major peak of incorporation is 6 em from the
top of the gel while in LAS treated embryos at the same stage the major
peak is seen in a higher molecular weight species.

In defense of RNAase

activity thoughout figure 1, an increase in low molecular weight RNA
absorbance pattern is observed in LAS treated embryos.
The possibility also that LAS can alter the membrane and the
cytoplasmic receptors which influence RNA synthesis seems a likely
point of action of the detergent as suggested by Berdysheva and Markova
(1967).
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The use of fish embryos as tools for toxicity studies offers the
advantage of a system which has great sensitivity to environmental pollutant.

SUMMARY
1.

A RNA procedure was perfected which yields high-polymer RNA in
large amounts.

2.

Two peaks of maximal 3H-Uridine incorporation or RNA synthesis is
seen.

One peak at mid-blastula (5.5 hrs.) and another peak at

neurulation {17 hrs.).
3.

These peaks are shown to be nuclear RNA synthesis after the third
hour of development because a similar pattern is seen when isolated
nuclei are used for RNA extraction.

4.

LAS treated embryos show these two peaks.

However, both periods

show reduced and delayed incorporation patterns.
5.

Precursor pool studies show that LAS reduces the incorporation of
3H-Uridine in the acid-soluble pool, RNA and DNA.

This reduced

incorporation is also reflected in a reduced amount of label found
in UTP and 2 1 3 1 UMP.
6.

LAS reduces the uptake of 3H-Uridine by the embryo, possibly
because of induced changes in one of the embryo

7.

1

S

membranes.

Electrophoretic profiles of HpRNA extracted from LAS treated
embryos show a difference in the RNA synthesized when compared to
untreated embryos.

8.

Chi-Square statistical analysis on the data show significant differences between LAS and untreated embryos.

9.

The use of fish embryos as a tool for aquatic pollution studies
offers a greater sensitivity when the agent's affects are analyzed
at the biochemical level.
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